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ABSTRACT 
This r e p o r t  p r e s e n t s  t h e  r e s u l t s  of tests performed on one specimen of 
Pressure  Regulator B75M.50305-1, and two specimens of B75M50305-4. The spe- 
cimens d i f f e r  on ly  i n  o r i f i c e  s i z e .  
r a t i n g  and the,B75M50305-4 has  a 1-inch. 
The B75M50305-1, has  a 3/8-inch o r i f i c e  
Tests,  o r i g i n a l l y ,  were begun on fou r  specimens. These tests,  r epor t ed  
i n  TR-RE-CCSD-FO-1020-3, r e s u l t e d  i n  a permanent damage t o  one specimen 
dur ing  t h e  proof p r e s s u r e  tes t  and a l s o  s e r i o u s  e x t e r n a l  leakage t o  t h e  o the r  
t h r e e  specimens. Consequently, t h e  vendor modified t h e  t h r e e  undamaged 
specimens wi th  redesigned dome p l a t e s  and body plugs.  
specimens w e r e  then  subjec ted  t o  a complete t es t  program. The fo l lowing  
tests were performed: 
The t h r e e  modified 
1. Receiving Inspec t ion  8. Surge 
2 .  Proof P res su re  9 .  S a l t  Fog 
3 .  Funct iona l  10.  V ib ra t ion  
4. Prolonged P res su re  11. L i f e  Cycle 
5 .  Low Temperature 12 .  F i n a l  In spec t ion  
6.  High Temperature 13 .  Burs t  
7 .  Flow and Regulator S e t t i n g  
The performance of t h e  t h r e e  specimens w a s  gene ra l ly  i n  accordance wi th  
t h e  s p e c i f i c a t i o n  requirements of NASA Drawing B75M50305. Exceptions a re  as 
fo l lows  : 
A. The r e c e i v i n g  i n s p e c t i o n  r evea led ,  f o r  each specimen, a t  l e a s t  one 
body dimension o u t s i d e  t h e  a l lowable  t o l e r a n c e s .  Apparently,  t h i s  
w a s  a q u a l i t y  c o n t r o l  problem and d id  n o t  e f f e c t  specimen opera t ions .  
B.  Leakage a t  t h e  i n l e t  f l a n g e  of one specimen dur ing  t h e  proof p re s su re  
tests w a s  caused by a f l a t  spo t  on t h e  f l ange .  A s o f t  gaske t  w a s  in- 
s t a l l e d  t o  s t o p  t h e  leakage a t  proof p re s su re .  There w a s  no leakage 
a t  t h e  ope ra t ing  p res su re .  The d e f e c t i v e  f l a n g e  w a s  probably due t o  
poor vendor q u a l i t y  c o n t r o l  o r  rough handl ing  du r ing  shipping. 
C. The v a l v e  seat bushings of t h e  t h r e e  specimens loosened during t h e  
flow test, which caused damage t o  t h e  seat, va lve ,  and hard seat 
of two specimens. The bushings were a g a i n  torqued t o  t h e  s p e c i f i e d  
va lue  and t e s t i n g  w a s  cont inued.  However, a similar f a i l u r e  occurred 
dur ing  t h e  v i b r a t i o n  test, and as a r e s u l t ,  t h e  bushing torque  f o r  
each specimen w a s  doubled ( t o  1200 inch-pounds). 
used f o r  t h e  remainder of t h e  test and no s i g n i f i c a n t  loosening of t h e  
bushing occurred.  
This  new va lue  w a s  
D. The l i f e  c y c l e  test showed t h e  u s e f u l  l i f e  of t h e  specimens t o  be 
20,000 cyc les .  Specimen leakage and i n t e r n a l  damage a f t e r  20,000 
cyc le s  i n d i c a t e d  major r e f u r b i s h i n g  would be  necessary  p r i o r  t o  
cont inued u s e  beyond t h a t  p o i n t .  Add i t iona l ly ,  one specimen ex- 
h i b i t e d  excess ive  seat leakage a f t e r  10,000 cyc le s .  Apparent ly ,  
t h i s  w a s  caused by su r face  g a l l i n g  where t h e  v a l v e  and hard seat make 
con tac t .  Before t e s t i n g  was cont inued ,  t h e  g a l l e d  s u r f a c e  had t o  be  
pol i shed  and t h e  seat seal rep laced .  
E. The f i n a l  i n spec t ion  revea led  t h a t  two specimens had s e r i o u s  g a l l i n g  
a t  t h e  i n t e r f a c e s  between t h e  dome, dome p l a t e ,  and dome p l a t e  suppor t .  
The g a l l i n g  produced many metal p a r t i c l e s  which contaminated t h e  dome 
O-ring and diaphragm. 
F. The two aforementioned specimens when b u r s t  t e s t e d ,  f a i l e d  t o  with- 
s t and  t h e  r equ i r ed  b u r s t  p re s su res .  I n  each case ,  leakage was caused 
by elastomer f a i l u r e ,  however, t h e r e  w a s  no s t r u c t u r a l  damage t o  e i t h e r  
specimen. 
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I. FUNCTIONAL REQUIREMENTS 
A. OPERATING PRESSURE: 
1. I N L E T  PRESSURE: 
2. OUTLET PRESSURE: 
B .  PROOF PRESSURE: 
C .  BURST PRESSURE: 
D. OPERATING MEDIUM: 
E .  LEAKAGE: 
F. FLOW 
I1 CONSTRUCTION 
A .  MATERIAL: 
1. BODY: 
2. SEATS: 
3. DIAPHRAGM: 
4. O-RINGS: 
B.  PNEUMATIC CONNECTIONS: 
1. I N L E T :  
2. OUTLET: 
3. DOME: 
C . MOUNTING A T T I T I D E  : 
I1 f . ENVIRONMENTAL REQUIREMENTS 
3 OPERATING TEMPERATURE: 
6000 p s i g  m a x i m u m  
0 t o  3000 p s i g  
9000 p s i g  i n l e t ,  4500 d o m e  and o u t l e t  
24,000 p s i g  m i n i m u m  
D r y  a i r ,  nitrogen, or h e l i u m  
B u b b l e  t i g h t  
M o n o d i r e c t i o n a l ;  o r i f i c e  d i a m e t e r  - 
P / N  T-1538, 3/8 inch 
P / N  T - 1 5 4 1 ,  1 inch 
M e t a l  parts i n  f l o w  s t r e a m  are stainless 
steel. N o n m e t a l l i c  pa r t s  i n  f l o w  s t r e a m  
are nylon and tef lon.  
18/8 CRES 
N y l o n  
N i t r i t e  rubber 
R e v .  MIL-G-5510,  MIL-P-5315  o r  M I L - P - 5 5 1 6  
1-1 /2  inch G r a y l o c ,  P/N G R 1 4 / X X S / 3 1 6 S S  
1-1/2 inch G r a y l o c  Flange, P / N  GR14  160'; 
316SS 
P e r  MC240-4 
D o m e  Flange i n  ho r i zon ta l  plane 
-65 to +160°F 
Iv". S P E C I A L  REQUIREMENTS 
CLEANING S P E C I F I C A T I O N :  A l O M 0 1 6 7 1 ,  Level I V  
V. LOCATION AND USE: 
P n e u m a t i c  D i s t r i b u t i o n  S y s t e m ,  t o  reduce storage vessel pressure t o  w o r k -  
i ng  pressure i n  p n e u m a t i c  con t ro l  d i s t r i b u t i o n  s y s t e m s  1 and 2 f o r  GN2 
and H e .  
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SECTION I 
INTRODUCTION 
1.1 
1.1.1 
1.1.2 
1.1.3 
1.2 
1 .2 .1  
1.3 
1 .3 .1  
SCOPE 
This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h e  tests t h a t  w e r e  performed 
t o  determine i f  P re s su re  Regulators  B75M50305-1, Rev. K,  and 
B75M50305-4, Rev. K, meet t h e  o p e r a t i o n a l  and environmental  re- 
quirements f o r  t he  John F. Kennedy Space Center Launch Complexes 
34 and 37. A summary of t h e  test r e s u l t s  is  presented  on pages 
x through x i i .  
T e s t s  o r i g i n a l l y  w e r e  begun on f o u r  specimens (See Report  TR-RE- 
CCSD-FO-1020-3). However, one specimen, dur ing  a proof p re s su re  
test ,  w a s  permanently damaged and t h e  o t h e r  specimens exh ib i t ed  
s e r i o u s  e x t e r n a l  leakage dur ing  t h e  e a r l y  tests. Consequently, 
t h e  t h r e e  remaining specimens were modified by t h e  vendor and 
w e r e  subjec ted  t o  a complete test program. The modified specimens, 
which contained redesigned dome p l a t e s  and body p lugs ,  were no t  
given new model p a r t  numbers by the  vendor. 
Three p re s su re  r e g u l a t o r s  (one B75M50305-1, Rev. K, and two 
B7550305-4, Rev. K) w e r e  included i n  the test program repor ted  
he re in .  They were numbered specimens 2 through 4 f o r  i d e n t i f i -  
c a t i o n  purposes;  specimen 2 r e f e r s  t o  B75M50305-1, Rev.  K,  and 
3 and 4 r e f e r s  t o  B75M50305-4, Rev. K. See Table 2-1 f o r  specimen 
serial numbers. 
ITEM DESCRIPTION 
Pres su re  Regulators  B75M50305 are dome-loaded pneumatic r e g u l a t o r s  
They are designed f o r  u s e  wi th  d ry  a i r ,  gaseous n i t rogen ,  o r  
helium. B75M50305-1 . a n d  B75M50305-4, have r a t e d  o r i f i c e  s i z e s  of 
318 and 1-inch r e spec t ive ly .  
duce a n  i n l e t  p re s su re  of 6000 p s i g  t o  an  o u t l e t  p re s su re  ranging 
from 0 t o  3500 psig.  
Valve and Regulator Company. 
The r e g u l a t o r s  are designed t o  re- 
The r e g u l a t o r s  are manufactured by Grove 
APPLICABLE DOCUMENTS 
The documents which con ta in  t h e  test requirements  used f o r  t e s t i n g  
P res su re  Regula tors  B75M50305-1 and 4 are as fol lows:  
1- 1 
a. 75M50305, Rev. K, Component S p e c i f i c a t i o n  
b. KSC-STD-l64(D), Environmental T e s t  Methods 
c. AlOM01671, C lean l ines s  Requirement 
d. T e s t  P l an  CCSD-FO-1020-1R, Tes t  Requirements 
e. Tes t  Procedure TP-RE-CCSD-FO-1020-2R 
1-2 
SECTION I1 
RECEIVING INSPECT I ON 
2.1 TEST REQUIREMENTS L 
2.1.1 Specimen 2 s h a l l  b e  checked f o r  conformance t o  NASA Drawing 
B75M50305-1, Rev.  K, and t h e  a p p l i c a b l e  s p e c i f i c a t i o n s .  
cimens 3 and 4 s h a l l  be checked f o r  conformance t o  NASA Drawing 
B75M50305-4, Rev. K, and t h e  a p p l i c a b l e  s p e c i f i c a t i o n s .  
Spe- 
2.1.2 Each specimen s h a l l  b e  checked f o r  conformance t o  t h e  a p p l i c a b l e  
documents, t o  t h e  e x t e n t  p o s s i b l e  without  disassembly of t h e  
specimen. The specimens s h a l l  b e  v i s u a l l y  in spec ted  f o r  evidence 
of poor workmanship and manufacturing d e f e c t s .  The specimens 
s h a l l  b e  checked f o r  vendor c e r t i f i c a t i o n  t o  t h e  presence of dome 
p l a t e s  w i th  sp i r a l  grooves. 
2.2 TEST PROCEDURE 
2.2.1 Specimen 2 w a s  checked f o r  conformance t o  NASA Drawing B75M50305-1, 
Rev.  K,  and specimens 3 and 4 were checked f o r  conformance t o  NASA 
Drawing B75M50305-4, Rev. K, u s ing  t h e  equipment l i s t e d  i n  Table 
2-3. 
2.2.2 The specimeis  were v i s u a l l y  in spec ted  f o r  evidence of poor work- 
manship o r  manufacturing d e f e c t s .  
2.2.3 The specimens had spiral-grooved dome p l a t e s  i n  accordance with 
vendor c e r t i f i c a t i o n .  
i '  
2.3 TEST RESULTS 
2.3.1 A dimensional a n a l y s i s  of t h e  specimens r evea led  dimensions A 
f o r  specimen 3 and D f o r  a l l  specimens, were s l i g h t l y  o u t s i d e  
t h e  s p e c i f i e d  t o l e r a n c e s  (See Table 2-2). Because t h e s e  d i s -  
c r e p a n c i e s  were s m a l l ,  ' the specimens were considered a c c e p t a b l e  
f o r  test. 
2.3.2 N o  evidence of poor workmanship o r  manufacturing d e f e c t s  w a s  noted 
du r ing  t h e  in spec t ion .  
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2.4 TEST DATA 
2.4.1 Specimen i d e n t i f i c a t i o n s  are l i s t e d  i n  Table 2-1, and the dimen- 
s i o n a l  d a t a  are i n  Table 2-2. 
2.4.2 F i g u r e  2-1 shows t h e  dimension f o r  r e c e i v i n g  i n s p e c t i o n  and € i g u r e  
2-2 shows a t y p i c a l  r e c e i v i n g  i n s p e c t i o n  opera t ion .  
2- 2 
Thble 2-1. Specimen I d e n t i f i c a t i o n  
Specimen Number* 2 3 4 
NASA Drawing Number B75M50305-1 B75M50305-4 B75M50305-4 
Manufacturer 's  P a r t  Number T-1538 T-1541 T-1541 
*Note: Specimen numbers are the same as t h o s e  assigned du r ing  t h e  o r i g i n a l  
test program. 
Table 2-2. Dimensional Data 
Dimension* 
A 
BO 
BI 
C 
D 
EO 
E1 
Allowable 
( Inches)  
10.250 2 .031 OD 
1.388 5 ,0625 
1.100 & .0625 ID 
14.000 5 .125 
13.500 t .0625 
3.125 2 .0625 
3.125 & ,0625 
Specimen 
13 4 
10.251 
1.355 
1.118 
13.959 
13.310 
3.125 
3.123 
10.300 
1.363 
1.120 
14.000 
13.307 
3.126 
3.125 
10.261 
1.355 
1.112 
14.008 
13.210 
3.128 
3.125 
*See f i g u r e  2-1 f o r  dimension i d e n t i f i c a t i o n .  
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Table 2-3. Receiving Inspec t ion  Equipment L i s t  
I t e m  
No I t e m  Manufacturer 
1 Vernier  S t a r r e  t t  
C a l i p e r  
2 Outside S t a r r a  t t 
Lockj o i n t  
C a l i p e r s  
3 I n s i d e  Ca l ipe r s  S t a r r e t t  
Model/ Serial  
P a r t  No. No. Remarks 
123 NASA 49- 24 inches  
C a l  d a t e  3/4/67 1475-A 
38 NASA 49- 12 inches  
3230 
74 N/A 6 inches  
2-4 
---1 D i
i .- 
E* 
-- i 
a, 
Figure  2-1. pimensions for Receiving Inspec t ion  
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SECTION I11 
PROOF PRESSURE TEST 
3.1 TEST REQUIREMENTS 
3.1.1 Each specimen s h a l l  b e  subjected t o  a proof p r e s s u r e  test. 
3.1.1.1 The specimen o u t l e t  and dome p o r t s  s h a l l  be pressur ized  t o  4500 p s i g  . 
simultaneously.  While t h e  4500 p s i g  i s  on t h e  dome and o u t l e t  p o r t s ,  
t h e  i n l e t  p o r t  s h a l l  be  pressur ized  t o  9000 ps ig .  
3.1.1.2 The p r e s s u r e s  s h a l l  be  maintained f o r  5 minutes. 
3.1.2 The specimen s h a l l  be  monitored f o r  leakage and d i s t o r t i o n .  
3.2 TEST PROCEDURE 
3.2.1 The proof p r e s s u r e  test  s e t u p  w a s  assembled as shown i n  f i g u r e s  3-1 
and 3-2, us ing  t h e  equipment l i s t e d  i n  t a b l e  3-1. 
3.2.2 All hand valves were c losed  and r e g u l a t o r  5 w a s  a d j u s t e d  f o r  zero 
o u t l e t  p ressure .  
3.2.3 Hand v a l v e  9 w a s  opened and gagel 4 i n d i c a t e d  approximately 10,000 
ps ig .  Hand v a l v e  10 w a s  opened.. 
3.2.4 Regulator 5 w a s  ad jus ted  u n t i l  gages 7 and 1 2  each i n d i c a t e d  a 
pressure  of 4500 psig.  This simultaneously pressur ized  t h e  
specimen's i n l e t ,  o u t l e t  and dome p o r t s .  
3.2.5 Hand v a l v e  10 w a s  closed. Regulator 5 w a s  a d j u s t e d  u n t i l  gage 7 
ind ica ted  a specimen i n l e t  p ressure  of 9000 ps ig .  
3.2.6 
$ 
These pressure  condi t ions  w e r e  maintained f o r  5 minutes. 
2 w a s  monitored f o r  evidence of specimen leakage. 
Water tank 
3.2.7 Hand Valve 9 w a s  c losed.  Hand va lve  3 w a s  cracked t q  slowly vent t h e  
specimen i n l e t  p ressure .  When t h e  specimen i n l e t  p r e s s u r e  had vented 
t o  4500 p s i g  as i n d i c a t e d  by gage 7,  v a l v e  11 w a s  cracked and t h e  
specimen's dome and o u t l e t  p o r t s  vented. 
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3 . 2 . 8  The system w a s  then  vented t o  zero p re s su re  and t h e  specimen w a s  
examined f o r  evidence of damage and d i s t o r t i o n  r e s u l t i n g  from 
t h i s  test. 
3 . 2 . 9  A l l  test d a t a  w e r e  recorded. 
3 . 3  TEST RESULTS 
3 . 3 . 1  Specimens 3 and 4 s a t i s f i e d  t h e  proof p re s su re  test requirements.  
3 . 3 . 2  A l e a k  w a s  de t ec t ed  a t  t h e  i n l e t  f l a n g e  of specimen 2 when t h e  
i n l e t  p o r t  was f i r s t  p ressur ized  and t h e  p re s su re  had reached 
7000 ps ig .  
a ve ry  s l i g h t  d e f e c t  ( f l a t  spot )  where t h e  f l a n g e  mated wi th  t h e  
seal r i n g .  
A c l o s e  examination of t h e  i n l e t  f l a n g e  revea led  
NOTE: An a t tempt  t o  improve t h e  seal w a s  made by machining 
0.007-inch from t h e  f a c e  of t h e  f l ange .  This d id  not  improve 
t h e  seal. A s u f f i c i e n t  seal w a s  f i n a l l y  a t t a i n e d  by p l ac ing  
a s o f t  gaske t  of polythylene,  between t h e  EIange and seal 
r i n g .  The specimen then s a t i s f i e d  t h e  proof p re s su re  re- 
quirements without  evidence of leakage o r  d i s t o r t i o n .  
The f l a n g e  de’fect w a s  deemed t o  b e  a vendor q u a l i t y  problem 
o r  t h e  r e s u l t  of sh ipping  damage. Because t h e  f l a n g e  did 
not  l e a k  a t  a normal opera t ing  p res su re  of 6000 ps ig ,  t h e  specimen 
w a s  considered s u i t a b l e  f 0 r  f u r t h e r  t e s t i n g .  
3 . 4  TEST DATA 
3 . 4 . 1  T e s t  d a t a  are presented  i n  t a b l e  3-2. 
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Table 3-1. Proof P res su re  T e s t  Equipment L i s t  
tern 
No. 
1 
- 
2 
3 
4 
5 
6 
7 
8 
9 
-0 
-1 
-2 
I t e m  
T e s t  Specimen 
Water Tank 
Hand Valve 
Pres su re  Gag 
Regulator  
F i l t e r  
P res su re  Gage 
GN2 Source 
Hand Valve 
Hand Valve 
Hand Valve 
Pres su re  Gage 
Manuf q c t u r e r  
Grove Valve and 
Regulator  Company 
CC SD 
Aminco 
Ashcraf t 
Tescom 
F lu id  Dynamics 
Heise 
CCSD 
Hoke 
Robbins 
Robbins 
H e h e  
! 
Model/ 
P a r t  No. 
T-1538 
T-1541 
44-13106 
26-1021- 
20 
FX-1561 
H 34955 
10 OG 
SSKG-250- 
4T 
S SKG- 250 
-4T 
H49480 
S e r i a l  
No.  
106869-2 
106870-1 
106 8 7 0- 2 
50011A 
NASA9 5- 
1508-B 
3024 
NASA 
0 14231 
NASA 95- 
1653-B 
' J .  
Remarks 
In le t :9000 p s i g  
Dome: 4500 p s i g  
Ou t l e t :  4500 ps ig  
Deionized Water 
1 / 4- inch  
0 t o  20,000 p s i g  
+0.5% FS 
C a l  d a t e  4/11/67 
0 t o  10,000 p s i g  
i n l e t  
2-micron 
0 t o  10,000 p s i g  
20.1% FS 
Gal d a t e  7/17/67 
10,000 p s i g  
3/ 8-inch 
114 inch  
114 inch  
0 t o  10,000 p s i g  
0.1% FS 
C a l  d a t e  7/14/67 
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Table 3-2. Proof Pressure  T e s t  Data 
Specimen Proof Pressure  (psip) P r e s s u r i z a t i o n  
I n l e t  P o r t  Ou t l e t  Dome T ime  
P o r t s  (minutes) 
2 9000 4500 5 
3 9000 4500 5 
4 9000 4500 5 
Resul t s  
S a t i s f a c t o r y  
(Polyethylene 
gaske t  r equ i r ed )  
S a t i s f a c t o r y  
S a t i s f a c t o r y  
3-5 
Figure 3-2. Proof Pressure Test Setup 
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SECTION IV 
FUNCTIONAL TEST 
4.1  TEST REQUIR&MENTS 
4.1.1 Each specimkn dhall. be  f u n c t i o n a l l y  t e s t e d  as fol lows:  
4.1.1.1 With t h e  specimen set a t  ze ro  flow and t h e  i n l e t  p o r t  p re s su r i zed  t o  
6000 p s i g ,  t h e  specimen s h a l l  be  checked f o r  i n t e r n a l  and e x t e r n a l  
leakage. 
4.1.1.2 While t h e  i n l e t  and o u t l e t  p o r t s  of t h e  specimen are p res su r i zed  t o  
3500 ($40) p s i g ,  t h e  specimen s h a l l  be checked f o r  leakage i n t o  t h e  
dome. N o  leakage s h a l l  b e  allowed. 
4.1.1.3 With t h e  dome of t h e  test specimen p res su r i zed  t o  500 (510) ps ig ,  t h e  
specimen s h a l l  be  checked f o r  leakage p a s t  t h e  diaphragm. No 
leakage s h a l l  be allowed. 
4.1.1.4 With t h e  i n l e t  p o r t  of t h e  specimen p res su r i zed  t o  6000 p s i g  and 
t h e  dome p res su re  set t o  y i e l d  an  o u t l e t  p re s su re  of 750 ps ig ,  
determine that t h e  dome p res su re  ag rees  wi th  t h e  fol lowing fo r -  
mula wi th in  25 percent :  
Specimen 2:  Pdome = 0.3 ( P i n l e t  - P o u t l e t )  + P o u t l e t  
100 
P P 
Specimens 3 and 4 :  'dome = 2.0 ( i n l e t  - o u t l e t )  + Pnl l t le t  
100 
Check f o r  r e p e a t a b i l i t y  of t h e  dome p res su re  by cyc l ing  t h e  
downstream shutof f  valve f i v e  t i m e s .  O u t l e t  and dome pressures  
s h a l l  r e t u r n  t o  w i t h i n  5 2  percent  of t h e  prev ious  va lues  when t h e  
downstream valve is c losed .  
4.1.1.3 The dome p res su re  s h a l l  b e  cycled f i v e  t i m e s ,  whi le  t h e  i n l e t  p o r t  of 
t h e  specimen is p r e s s u r i z e -  t o  6000 p s i g  and t h e  o u t l e t  po r t  vented,  
from zero  t o  t h e  p re s su re  determined i n  4.1.1.4. 
a leakage check s h a l l  be  made between t h e  i d e t  and o u t l e t  p o r t s  
(10 sccm maximum leakage is  a l lowable) .  
Af t e r  t h e  f i f t h  cyc le ,  
4.1.1.6 The requirements descr ibed  i n  paragraphs 4.1.1.4 and 4.1.1.5 s h a l l  
b e  repea ted  f o r  o u t l e t  p re s su res  of 1500 p s i g  and 3000 ps ig .  
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4.1.2 
4.2 
4.2.1 
4.2.2 
4.2.3 
4.2.4 
4.2.5 
4.2.6 
4.2.7 
4.2.8 
4.2.9 
4.2.10 
The i n i t i a l  f u n c t i o n a l  test shall  be performed t h r e e  t i m e s  each 
wi th  GN2 and GHe as tes t  media. 
s h a l l  be  performed one t i m e  w i th  GN2 as t h e  only tes t  medium, 
except  where s p e c i f i e d  . 
All subsequent f u n c t i o n a l  tests 
TEST PROCEDURE 
The f u n c t i o n a l  test se tup  w a s  assembled as shown i n  f i g u r e s  4-1 
and 4-2 us ing  t h e  equipment l i s t e d  i n  t a b l e  4-1. 
A l l  hand valves w e r e  c losed  and a l l  r e g u l a t o r s  ad jus t ed  f o r  zero 
o u t l e t  p ressure .  
Hand valves 11, 17, 1 9 ,  29 ,  3 0 ,  3 3 ,  and 35 were opened. 
Regulator  7 w a s  ad jus t ed ,  loading  t h e  dome of r e g u l a t o r  7A,  u n t i l  
a specimen i n l e t  p re s su re  of 6000 p s i g  w a s  i n d i c a t e d  on gage 9. 
This  p re s su re  w a s  maintained f o r  5 minutes while  flowmeter 18 
w a s  monitored f o r  leakage.  Maximum al lowable leakage  w a s  10 sccm. 
During t h i s  pe r iod ,  a check was made f o r  specimen e x t e r n a l  leakage 
by us ing  soap so lu t ion .  No e x t e r n a l  leakage was allowed. 
Hand valve 17 w a s  c losed.  
Hand valve 23 w a s  opened. 
dome of r e g u l a t o r  7A, u n t i l  a specimen i n l e t  p re s su re  of 3500 ps ig  
w a s  i nd ica t ed  on gage 9. 
Regulator 7 w a s  ad jus t ed ,  loading  the  
Hand valve 1 2  w a s  slowly opened u n t i l  gages 9 and 13 i nd ica t ed  3500 
ps ig .  
24 w a s  knonitored f o r  dome leakage. 
This  p re s su re  w a s  maintained f o r  f i v e  minutes wh i l e  $lowmeter 
No bubble leakage w a s  allowed. 
Regulator  7 w a s  ad jus t ed  f o r  ze ro  o u t l e t  p ressure .  Hand valve 
36 w a s  cracked and the p res su re  vented.  
zero.  Hand valve 17 w a s  opened. Hand valves 23 and 36 w e r e  c losed.  
Gages 9 and 13 i nd ica t ed  
Hand valves 10, 2 0 ,  and 32 w e r e  opened. Regulator 6 was  ad jus t ed  
u n t i l  a specimen dome p res su re  of 500 p s i g  w a s  i nd ica t ed  on gages 
8 and 37.  This  p re s su re  w a s  maintained f o r  5 minutes while  flow- 
meter 18 w a s  monitored f o r  diaphragm leakage.  N o  leakage w a s  
allowed. 
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Hand valve 
f r e g u l a t o r  7A, un 
ndica ted  on gage 9 
t h e  t h e o r e t i c a l  p re s su re .  
4.2.15 Solenoid valve 14 w a s  opened and closed f o r  f i v e  cyc les .  Then, 
w i th  so lenoid  valve 14 c losed ,  t h e  p re s su res  ind ica t ed  on gages 
8 and 13 were recorded. Dome and o u t l e t  p re s su re  w e r e  requi red  
t o  be  w i t h i n  - +2 percent  of t h e  previous recorded p res su res .  
4.2.16 Regulator  6 w a s  ad jus t ed  f o r  a zero o u t l e t  p ressure .  
27 w a s  cracked and t h e  p re s su re  vented. Gage 8 ind ica t ed  zero.  
Hand valve 27 w a s  c losed.  
Hand valve 
4.2.17 Hand valve 36 w a s  cracked and t e h  specimen o u t l e t  p re s su re  vented. 
Gage 13 ind ica t ed  zero.  Solenoid valve 1 4  w a s  opened and hand 
valve 36 w a s  c losed .  
4.2.18 Using r e g u l a t o r  6 and hand valve 27, t h e  specimen dome w a s  
a l t e r n a t e l y  loaded t o  t h e  a c t u a l  p re s su re  d e  
4.2.14 and then  vented t o  zero,  f o r  f i v e  cyc les .  
cyc le ,  gage 8 ind ica t ed  zero  and gage 9 i n d i  
maintaining t h e s e  condi t ions ,  hand va lve  17 
valve 14 w a s  c losed  and t h e  flowmeter 18 w a s  
9 were repea ted  
gh 4.2.19 w e r e  repeated 
4.2.22 For the init ial .  f u n c t i o n a l  test, procedures,  4.2.1 through 4.2.21 
w e r e  repea ted  s ix  t i m e s ,  u s ing  GHe and GN2 three t i m e s  each, as 
the test medium. For a l l  subsequent f u n c t i o n a l s ,  procedures 
4 .2 .1  through 4.2.21 were performed once, u s ing  GN2 only  as t h e  
test  medium, u n l e s s  o therwise  s p e c i f i e d .  
4.2.23 Upon completion of t h e  last test, hand valves 19 and 20 were c losed .  
Hand va lve  34 w a s  opened. Hand va lve  12  w a s  slowly opened. Hand 
Valve 27 was opened and r e g u l a t o r  6 w a s  ad jus t ed  f o r  maximum o u t l e t  
p ressure .  P res su re  vented  and a l l  gages i n d i c a t e d  ze ro  p re s su re .  
4.2.24 The specimen w a s  v i s u a l l y  examined f o r  evidence of damage and 
d i s t o r t i o n .  
4.2.25 A l l  test d a t a  were recorded. 
4.3 
4.4 
TEST RESULTS 
Samples 2, 3 and 4 completed t h e  i n i t i a l  f u n c t i o n a l  test  s a t i s f a c t o r i l y .  
TEST DATA 
4.4.1 I n i t i a l  f u n c t i o n a l  test d a t a  are presented  i n  t a b l e s  4-2, 4-3, and 
4-4. 
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Table 4-1. Funct iona l  T e s t  Equipment L i s t  
- 
I t e u  
No. 
1 
- 
2 
3 
4 
5 
6 
7 
7A 
8 
9 
LO 
11 
12 
- 
I t e m  
Specimen 2 
Specimen 3 
Specimen 4 
GHe o r  GN2 
Source 
GHe o r  GN2 
F i l t e r  
F i l t e r  
Regulator  
Regulator  
Dome Regulator  
P res su re  Gage 
P res su re  Ggge 
Hand Valve 
Hand Valve 
Hand Valve 
Manufacturer 
Grove Valve and 
Regulator  
Grove Valve and 
Regulator  
Grove Valve and 
Regulator  
CCSD 
CC SD 
F lu id  Dynamics 
F lu id  Dynamics 
Tescom Corp. 
Tescom. 
Grove 
Heise 
Heise 
Aminco 
Grove 
Robbins 
Model/ 
P a r t  No. 
T-1538 
T-1541 
T-1541 
FL-20-8BB 
FL- 20-8BB 
26-1021-20 
26-1021-10 
201-B 
H34955 
H35838 
13126 
KA2B 
S SKG- 2 50 
-4T 
S e r i a l  
No.  
106869-2 
10687 0- 1 
1068 7 0-2 
3 024 
1529 
RA-7049 
NASA No. 
014231 
NASA No. 
200595-P 
Remarks 
Dome r e g u l a t o r  
Dome r e g u l a t o r  
Dome r e g u l a t o r  
10,000 p s i g  
10,000 p s i g  
2-micron 
2-mic r on 
10,000 p s i g  
i n l e t  
0 t o  10,000 
o u t l e t  
10,000 p s i g  
0 t o  10,000 
in1 e t  
o u t l e t  
10,000 p s i g  
i n l e t  
p s i g  o u t l e t  
0 t o  10,000 
0 t o  10,000 
P s i g  - fO. 1% FS 
C a l  d a t e  6/16/67 
0 t o  10,000 
PS i g  
0.1% FS 
C a l  d a t e  7/14/67 
30,000 p s i g  
10,000 p s i g  
10,000 p s i g  
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Table 4-1. Funct iona l  T e s t  Equipment List (Continued) 
- 
t e m  
/o. 
.3 
.4 
-5 
-6 
-7 
-8 
-9 
! L l  
!1 
22 
23 
24 
25  
- 
I t e m  
Pressure  Gage 
Solenoid Valve 
Switch 
Power Supply 
Hand Valve 
Flowmeter 
Hand Valve 
Hand Valve 
Pres su re  Gage 
P res su re  Gage 
Hand Valve 
Flowmeter 
Temp. Chamber 
Manufacturer 
Keise 
Marot ta 
Ind. Lab., Inc. 
Pe rk in  
Robbins 
Pyrex 
Grove 
Aminco 
Ashcrof t 
Ashcrof t 
Robbins 
Pyrex 
Local  Mfg. 
Model/ 
P a r t  No. 
H35840 
MV583 
MRST-28- 
300 
S SKG-25 0 
-4T 
KA2B 
13126 
SSKG-250-4T 
ierial 
No. 
JASA No. 
!00616E 
370 
53-293 
NASA No. 
200613-3 
NASA No. 
95-1508-1 
Lemarks 
1 t o  10,000 
)s i g  
$.25% FS 
:a1 d a t e  4/14/67 
?-way, normally 
:lased 6000 p s i g  
SP ST 
28 vdd 
5000 p s i g  
dater d i s -  
?lacemen t : 
areaker  and 
z radu la t  ed 
s y 1 i nde r  
10,000 p s i g  
30,000 p s i g  
0 t o  20,000 
Ps ig  
$.1/2% FS 
C a l  d a t e  4/13/67 
0 t o  20,000 ps ig  
+O. 25% FS 
Ea1 d a t e  4/13/67 
6000 p s i g  
Water d i s -  
placement: 
Breaker and 
graduated 
c y l i n d e r  
(Used f o r  
temperature  
tests only)  
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Table 4-1. Fundt iona l  T e s t  Equipment L i s t  (Continued) 
tern 
3. 
6 
7 
8 
9 
0 
i 
2 
3 
4 
5 
6 
7 
8 
L 
0 
.1 
12 - 
I t e m  
Thermocouple 
Hand Valve 
Pres su re  Gage 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Wand Valve 
Hand Valve 
P res su re  Gage 
Rel ie f  Valve 
Temp. Recorder 
Temperature 
Source/Control le :  
Solenoid Valve 
Switch 
Manufacturer 
Conax Corp. 
Aminco 
Ashcrof t 
Grove 
Carda l r  
Hoke 
Aminco 
Robbins 
Robbins 
Robbins 
Robb in s  
Ashcrof t 
Anderson-Greenwood 
Honeywell 
Thermatron 
Mar0 t t a 
t 
Model/ 
P a r t  No. 
13126 
KA2B 
3510-0077 
l O O G  
13126 
SSKG-250-4T 
SSKG-250-4T 
SSKG-250-4T 
SSKG-250-4T 
83 J C  
Y1530 
MY583 
Serial 
No. 
SASA No. 
200613- 
10 
NASA No. 
95-1509-E 
NASA No. 
019418 
NASA No. 
2 008 9 5- 1 
380 
lemarks 
lopper- Constantai 
: f o r  temperature  
:ests only) 
i0,ooo p s i g  
1 t o  10,000 
x i g  
k0.25% FS 
:a1 d a t e  4/13/67 
L0,OOO p s i g  
L0,OOO p s i g  
30,000 p s i g  
30,000 ps ig  
5000 p s i g  
5000 p s i g  
5000 ps ig  
5000 p s i g  
3 t o  10,000 p s i g  
t0.25% - FS 
2al d a t e  4/13/67 
6500 p s i g  
-110 t o  +525OF 
Cal d a t e  1012167 
-130 t o  +430°F 
Cal d a t e  8/31/67 
(used f o r  temp- 
e r a t u r e  tests 
only) 
2 way, normally 
dosed 6000 p s i g  
SPST 
4-8 
r I 
0 0 0  
0 0 0  fl o r l  
b m b  m m m  
b l-bo rl r l r lo 
0 0 0  
4 0 4  
0 0 0  
m m m o  
-I 
0 0 0  
N 0 4  
0 0 0  
m m m o  1 ------+ 
0 0 0  
0 00 hl 0 4  
\D mi-  m m m  
l- l-bo $4 4 d O  
0 0 0  
nl 0 4  
0 0 0  
m m m o  
0 0 0  
c\1 or l  m m v s  I rl r id0 0 o m  co m a  l- b b 0  0 0 0  m 0 4  m m m o  0 0 0  1 N 
0 0 0  
0 0 0  
m m m o  
e4 0 4  1 0 0 0  hl or l  m m m  
rl r l r lo  
E 1 
l- bl-0 
0 00 
c\l 0 4  
0 0 0  
m m m o  1 0 00 rl 0 4  P- mu3 m m m  l- l -bo  rl 4 4 0  O o m  I 0 0 0 0  
M M  
I 4  .rl 
o m  
a a w  
N 
c o o  
l- W + I E  
+ I  + I $  ; 
e 0 3 m  
rl o u  m m u 0  
rl rl4l-i 
a, 
rl 
0 0 0 0  
d 2 Z Z  
rl 
4 
hl 
I 
U 
cu 
rl 
P ca w 
r l 4 e 4 m  
rlrlrlrl 
* * U U  
. . . .  . . . .  
U 
rl 
e 
m 
rl 
4. 
m .;f 
rl rl 
U 4. 
a, 
4-9 
0 0 0  
0 o m  
a m m  
0 o m  a o m  
0 0 0  m m m o  
0 o m  
b m m  
o3 b c 0 0  rl r l r lo  0000 
m 0 0  
PI O Q  
0 0 0  m m m o  
0 0 0  
0 o m  a m m  
rl r l r lo 
0 00 
PI m a  
m b o 3 0  a, X 0 0 0 0  
a, m 
0 0 0  
b o a  
0 00 m m m o  
0 0 0  co 0 0  m m a  
rl dr l0  
0 00 m m a  
o3 -coo 0 0 0 0  
0000 
0 0 0  
0 0 0  a m a  
rl r l r lo  
0 o m  
b oa 
0 0 0  m m m o  
0 o m  a m a  
m b o 3 0  m N ?i 
hl z 
0 0 0  
0 00 
\o m a  
rl r l r lo  
0 0 0  
b o a  
0 0 0  m m m o  
0 0 0  
b m r -  co +coo 0000 
n 
(d 
M 
(d a 
0 0 0  
0 0 0  a m\I)  
0 o m  
PI o a  
0 00 m m m o  
0 o m  a m \ o  
03 b m o  N 2; 0000 rl r l r lo  
m 
I 
.3 r l r l N r n  
ddrlr l  
V V V V  
. . . .  . . . .  
V m 
rl rl 
U V 
V u) 
rl rl 
V V 
V m 
rl rl 
.3 .3 
@ a ,  
M M  
c d c d  
4-10 
0 0 0  
VI v l m  
0 0 0 0  03 -coo I 
0 o m  m 0 0  
0 o m  \o o a  
\o m m  0 0 0  
rl r l r lo  m m m o  
m 0 0  0 o m  m o m  a o m  m m m  0 0 0  
rl r l r l o  m m m o  . 
m 0 0  
vl m a  
0 0 0 0  1 co h a 3 0  
0 0 0  
vl m m  
0 0 0 0  1 co h a 3 0  
 
0 o m  a o m  
0 0 0  
m m m o  I 0 0 0  0 0 0  a m a  rl r l r lo  U 
0 0 0  0 0 0  co 0 0  a o\o m m a  0 0 0  
I4 r l r l o  m m m o  
u 
8 a m 
rd u a n 
u 
0 0 0  
a m w  
0 0 0 0  co h a 0  
0 0 0  0 o m  
0 0 0  to O b  a m a  0 0 0  
rl r l r lo  m m m o  
0 o m  
w m a  
0 0 0 0  03 h c o 0  
m 
a, 
E-c 
M 
.rl 
m 
a 
m m 
rl 
+ I  
0 a 
0 
m 
M 
.rl 
m a 
0 co 
+ I  
0 m 
In 
rl 
M 
.rl 
v) a 
m 
U 
+ I  
m m 
co rl 
rd 
.rl 
U 
.rl 
F 
H 
U 
I 
U 
a, 
U m 
I4 rl 
U U 
U m 
rl I+ 
U U 
r l r l r u m  U In 
rlrlrlrl rl rl 
U U U U .  U U 
. . . .  . . . .  
u 
cd 
a, 
3 3  
U M  
2 2  cn 
4- 11 
4-12! 
SECTION V 
PROLONGED PRESSURE TEST 
3.1 TEST REQUIREMENTS 
5.1.1 A prolonged p res su re  test s h a l l  be performed on test specimen 4 ,  
whi le  t he  specimen is p res su r i zed  wi th  GHe t o  6000 p s i g  i n l e t  
p o r t  p re s su re  and set t o  provide 3000 p s i g  o u t l e t  p o r t  p re s su re ,  
t o  determine whether degrada t ion  o r  deformation occurs .  
5.1.2 The prolonged p res su re  test  s h a l l  cont inue  f o r  30 days. 
5.1.3 Ex te rna l  and i n t e r n a l  leakage s h a l l  be monitored. 
5.1.4 Any f l u c t u a t i o n s  o r  v a r i a t i o n s  i n  t h e  dome, i n l e t  p o r t ,  and 
o u t l e t  p o r t  p re s su res  s h a l l  be monitored. 
5.1.5 Immediately a f t e r  t h e  prolonged test i s  completed, a func t iona l  
test  us ing  GHe as the  test medium, s h a l l  be conducted i n  accor- 
dance wi th  s e c t i o n  I V .  
5.2 TEST PROCEDURE 
5.2.1 The prolonged pressure  test se tup  w a s  assembled as shown i n  f i g u r e s  
5-1 and 5-2 us ing  the  equipment l i s t e d  i n  t a b l e  5-1. 
5.2.2 A l l  hand valves were closed.  A l l  r e g u l a t o r s  w e r e  ad jus t ed  f o r  zero 
o u t l e t  p ressure .  
5.2.3 Hand valves 11 and 12 were opened. Regulator  7 w a s  ad jus ted  u n t i l  
a specimen i n l e t  p re s su re  of 6000 p s i g  w a s  i nd ica t ed  on gage 9. 
Hand valve 12  w a s  c losed.  
5.2.4 Hand valves 15 and 16 w e r e  opened. 
a specimen o u t l e t  p re s su re  of 3000 p s i g  w a s  i nd ica t ed  on gage 20. 
Nand valve 16  was c losed .  
Regulator 6 w a s  ad jus t ed  u n t i l  
5.2.5 The cond i t ions  of  procedures 5.2.3 and 5.2.4 were maintained f o r  30 
days.  During t h i s  t i m e ,  t h e  specimen w a s  examined f o r  evidence 
of e x t e r n a l  and internal leakage and any v a r i a t i o n s  i n  t h e  dome, 
i n l e t ,  and o u t l e t  p re s su res  were noted. 
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5.2.6 Hand valves 13, 14 ,  and 1 7  were cracked u n t i l  gages 9, 19,  and 20 
i n d i c a t e d  zero.  
5.2.7 Immediately fo l lowing  t h i s  prolonged p res su re  test, a func t iona l  
test us ing  GHe as t h e  test medium w a s  conducted. 
5.2.8 A l l  test d a t a  were recorded. 
5.3 TEST RESULTS 
Specimen 4 s a t i s f i e d  t h e  prolonged p res su re  test  requirements.  
5 .4  TEST DATA 
5.4 .1  The p r e s s u r e  f l u e t h a t i o n  d a t a ,  recorded dur ing  t h e  prolonged 
p res su re  test, are presented i n  t a b l e  5-2. 
5.4.2 The f u n c t i o n a l  da t a ,  obtained immediately a f t e r  t h e  prolonged 
p res su re  tes t ,  are presented  i n  t a b l e  5-3. 
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Ln 
I 
--L 
U 
w 
5-3 
Table 5-1. Prolonged P res su re  T e s t  Equipment L i s t  
t e m  
No. 
1 
2 
3 
4 
- 
5 
6 
7 
8 
9 
to 
t l  
L2 
L3 
14 
15 - 
I t e m  
T e s t  S p ec imen 
GHe Source 
GHe Source 
F i l t e r  
F i l t e r  
Regulator  
Regulator  
P res su re  Gage 
P res su re  Gage 
P res su re  Gage 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Manufacturer 
Grove 
CCSD 
CCSD 
Microporous 
Microporous 
Tescom Corp. 
Tescom Corp. 
Ashcrof t 
Heise 
Ashcrof t 
Grove 
Robb in s  
Rob b i n s  
Robbins 
Aminc o 
Model/ 
P a r t  No. 
T-1541 
4813 F- 
2 DM 
4813 F- 
2 DM 
26-1021- 
20 
26- 102 1- 
20 
H35838 
KA 2B 
SSKG-250-4T 
SSKG-250-4T 
SSKG-250-4T 
13126 
Serial 
N o .  
106870-2 
3024 
1529 
NASA No. 
95 -150 8-1 
NASA No. 
20059 5-P 
NASA N o .  
200 613- 3 
Remarks 
Regulator 
6000 p s i g  
6000 p s i g  
2-micron 
2-mi c ron  
10,000 p s i g  
i n l e t  
p s i g  o u t l e t  
0 t o  10,000 
10,000 p s i g  
0 t o  10,000 
i n l e t  
p s i g  o u t l e t  
0 t o  20,000 
p s i g  
+0.5% FS 
C a l  d a t e  411316; 
0 t o  10,000 
Ps ig  
- +0.1% FS 
C a l  d a t e  8/9/67 
0 t o  20,000 
Ps ig  
+0.5% FS 
Gal d a t e  411116' 
- 
10,000 p s i g  
6000 p s i g  
6000 p s i g  
6000 p s i g  
30,000 p s i g  
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I t e m  
N o .  
16 
17 
18 
19 
20 
Table 5-1. Prolonged P res su re  T e s t  Equipment L i s t  (Continued) 
Model/ 
P a r t  No .  
SSKG-250-4T 
SSKG-250-4T 
I t e m  
Hand Valve 
Hand Valve 
P res su re  Gage 
S e r i a l  
No .  
P re s su re  Gage H35962 
P res su re  Gage 
95-1509 
-B 
NASA N o .  
015538 
Manufacturer 
Robbins 
Robbins 
Ashcrof t 
H35960 
H e i s e  
NASA No.  
015536 
Heise 
-I
I 
Remarks 
6000 ps ig  
6000 p s i g  
0 t o  10,000 
PSig 
- +0.5% FS 
C a l  d a t e  4/13/67 
0 t o  5000 p s i g  
+0.1% FS 
C a l  d a t e  8/14/67 
0 t o  5000 p s i g  
- +0.1% FS 
Gal d a t e  8/1/67 
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Table 5-2, Pressu re  F lunc tua t ion  Data During Prolonged P res su re  T e s t  
Date 
9-22-67 
9-23-67 
I n l e t  Ou t l e t  Dome 
(ps ig)  (ps ig)  (psip)  
5820 3055 3125 
Saturday 
I I. 
19-9-67 1 Saturday 
Dare ' 
9-6-67 
9-7-67 
9-8-67 
9-10-67 
9-11-67 
9-12-67 
9-13-67 
I n l e t  Ou t l e t  DOllle- 
(psig) (ps ip)  (psig) 
6000 3000 3020' 
5920 2985 I 3020 
5880 2980 3015 
3010 
3015 
3025 
3000 
2985 
3125 
3125 
3385 
3065 
3045 
5800 
5940 
5960 
2970 3010 
2990 3050 
3015 3080 
9-24-67 
9-25-67 
9-26-67 
9-27-67 
9-28-67 
9-2 9- 6 7 
9 -30-6 7 9-14-67 
9-1 5- 6 7 
9-16-67 
10-1-67 
10-2-67 
10-3-67 
10-4-67 
10-5-67 
10-6-67 
I X)K): I 13:; 
Saturday 
5780 
6000 
5960 
5850 
6000 
5950 
5880 
5700 
' I 5950 
I 
1 5900 
3020 
3025 
3000 
3020 
3000 
6000 3000 
6010 3005 
5940 3 040 
5840 3050 
3060 
3040 
3060 
3070 
3060 
3070 
3080 
3110 
3120 
3 
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Table 5-3. Funct iondl  T e s t  Data A f t e r  Prolonged P r e s s u r e  T e s t  
Measurement 
Sea t  Leakage 
External Leakage 
Reverse Dome Leakage 
Forward D6me Leakage 
Actua l  Dome Pres su re  
Regulator S t a b i l i t y  
Ou t l e t  : 
Dome : 
Procedure 
Reference 
Paragraph 
4.1.1 
4.1.1 
4.1.2 
4.1.3 
4.1.4 
f j u t l e t  : ome . 
Sea t  Leakage 
Actua l  Dome Pres su re  
Regulator S t a b i l i t y  
Ou t l e t :  
Dome : 
Seat  Leakage 
4.1.5 
4.1.4 
4.1.5 
Allowable 
Value 
10 sccm 
No leakage 
N o  leakage  
No leakape  
855 5 43 p s i g  
750 4 15 p s i g  
Actual 2 2% 
- 19 sccm 
1590 5 80 p s i g  
1500 2 30 p s i g  
Actual 5 2% 
10 sccm 
3060 5 60 p s i g  
3000 5 60 p s i g  
Actual 2 2% 
10 sccm 
2 
Actua l  
Value 
0 
875 
750  
870 
1600 
1500 
1600 
3000 
3000 
3065 
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Figure 5-2. Prolonged Pressure Test setup 
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SECTION V I  
LOW TEMPERATURE TEST 
6.1 
6.1.1 
6.1.2 
6.1.3 
6.1.4 
6.2 
6.2.1 
6.2.2 
6.2.3 
6.2.4 
6.2.5 
TEST REQUIREMENTS 
A low temperature  test s h a l l  be performed on test specimens 2 and 
3 t o  determine whether t h e  environment causes  ddgradat ion.  
The r a t e d  low temperature  s h a l l  b e  5(+0, -4)OF. 
a t u r e  change rate s h a l l  be  1 degree p e r  minute.  
Maximum temper- 
A func t iona l  test  s h a l l  be performed dur ing  t h i s  test i n  accordance 
w i t h  Sec t ion  I V ,  us ing  GN2 as t h e  test  medium. 
monitored by nd t ing  t h e  p re s su re  drop. 
Leakage s h a l l  be 
A funct iona? test  and a v i s u a l  i n spec t ion  s h a l l  be performed on t h e  
specimen wi th in  one hour a f t e r  t h e  specimen i s  re tu rned  t o  ambient. 
TEST PROCEDURE 
The low temperature test  se tup  w a s  assembled as shown i n  f i g u r e s  
4-1 and 6-1, u t i l i z i n g  t h e  equipment l i s t e d  i n  t a b l e  4-1. 
The chamber w a s  con t ro l l ed  t o  t h e  s p e c i f i e d  test condi t ions  while  
maintaining a re la t ive humidity between 60 and 90 percent .  
A f u n c t i o n a l  test w a s  performed when temperature  s t a b i l i z a t i o n  w a s  
ob ta ined .  Temperature s t a b i l i z a t i o n  is def ined  as a maximum 
temperature  change rate of 4'F pe r  hour,  as determined from t h e  
ins t rumenta t ion  used i n  monktoring t h e  test specimen. 
The specimen w a s  re turned  t o  ambient condi t ions .  Within one hour 
fol lowing t h e  r e t u r n  of t h e  specimen t o  ambient condi t ions  t h e  
test specimen w a s  v i s u a l l y  inspec ted  and f u n c t i o n a l l y  t e s t ed .  
A l l  test d a t a  were recorded. 
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6.3 Specimens 2 and 3 were subjected to the low temperature test 
environment. 
tionally tested during and after the low temperature exposure 
period. 
Each specimen performed satisfactorily when func- 
6 .4  TEST DATA 
All low temperature test functional data are presented in tables 
6-1 and 6-2. 
6-2 
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Figure 6-1. Low and High Temperature Test Setup 
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7.1 
7 .1 .1  
7.1.2 
7.1.3 
7.1.4 
7.2 
7.2.1 
7.2.2 
7.2.3 
7.2.4 
7.2.5 
7.2.6 
SECTION VI1 
HIGH TEMPERATURE TEST 
TEST REQUIREMENTS 
A high temperature  test s h a l l  be performed on test specimens 2 
and 3 t o  determine whether t h e  environment causes  degrada t ion .  
The r a t e d  h igh  temperature s h a l l  be 160 (4-4, -0)OF. 
A f u n c t i o n a l  test s h a l l  be performed i n  accordance wi th  Sec t ion  
I V ,  us ing  GN2 as t h e  test medium dur ing  t h i s  test .  
A func t iona l  t e s t  and a v i s u a l  i n spec t ion  s h a l l  be performed wi th in  
one hour a f t e r  t he  specimen i s  r e tu rned  t o  ambient, 
TEST PROCEDURE 
The high temperature  test  se tup  w a s  assembled as shown i n  f i g u r e s  
4-1 and 6-1, u s ing  t h e  equipment l i s t e d  i n  t a b l e  4-1. 
The chamber w a s  c o n t r o l l e d  t o  t h e  s p e c i f i e d  test cond i t ions  whi le  
main ta in ing  a re la t ive humidity of 20 (k5) percent .  
The temperature  w a s  maintained a t  160 (+4, -0)'F f o r  72  (+2, -0) 
hours.  
A f u n c t i o n a l  test w a s  conducted wh i l e  thechamber h igh  temperature 
w a s  maintained. 
The chamber temperature  w a s  re turned  t o  ambient and w i t h i n  one hour 
fol lowing the  r e t u r n  of t h e  specimen t o  ambient cond i t ions ,  t h e  
specimen w a s  v i s u a l l y  inspec ted  and f u n c t i o n a l l y  t e s t e d .  
A l l  test  d a t a  were recorded. 
7-1 
TEST FSSULT'S 
I -  
7.3 
7.3.1 Specimens 2 and 3 'n7ere sub jec t ed  t o  t h e  h igh  temperature  test 
environment. Each specimen performed s a t i s f a c t o r i l y  when 
f u n c t i o n a l l y  t e s t e d  dur ing  and a f t e r  t h e  h igh  temperature  
exposure per iod .  
7.4 TEST DATA 
7.4.1 Funct iona l  d a t a  are presented  i n  t a b l e s  7-1 and 7-2. 
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SECTION V I 1 1  
FLOW AND REGULATOR SETTING TEST 
8.1 TEST REQUIREMENTS 
8.1.1 A flow and r e g u l a t o r  s e t t i n g  test w i l l  b e  performed on test 
specimens 2 and 3 t o  determine whether degrada t ion  occurs .  
8.1.2 Flow curves  s h a l l  be  developed f o r  i n l e t  p re s su re  veirsus flow 
f o r  o u t l e t  p re s su res  of 750, 1500, and 3000 ps ig .  The i n l e t  
p re s su re  s h a l l  be  v a r i e d  from 0 t o  6000 p s i g  i n  500-psig incre-  
ments. The requi red  dome p res su res  and any f l u c t u a t i o n s  i n  
dome p res su re  s h a l l  be recorded. 
8.1.3 The r e g u l a t o r  s e t t i n g  s h a l l  be  checked whi le  t h e  i n l e t  p o r t  i s  
pressur ized  t o  6000 ps ig  and t h e  o u t l e t  p o r t  i s  a t  750 ps ig .  
The i n l e t  p re s su re  s h a l l  be  v a r i e d  2 10 percent  a f t e r  maximum 
flow cond i t ions  have been e s t ab l i shed ,  and any f l u n c t u a t i o n  o r  
changes i n  t h e  o u t l e t  p re s su re  s h a l l  be monitored. 
8.1.4 With the  i n l e t  p o r t  p re s su r i zed  t o  1500 p s i g ,  and t h e  o u t l e t  
p o r t  p re s su re  a t  750 ps ig ,  t h e  flow s h a l l  be  v a r i e d  from 
zero t o  maximum and back t o  zero ,  by opening and c l o s i n g  va lve  
16. Any c h a t t e r i n g ,  o s c i l l a t i o n s ,  o r  p re s su re  f l u c t u a t i o n s  
s h a l l  be  recorded. 
8.1.5 Requirement 8 .1 ,4  s h a l l  be  repea ted ,  us ing  i n l e t  po r t  p re s su res  
of 3000, 4500, and 6000 ps ig .  
8.2 TEST PROCEDURE 
NOTE: Procedures 8 .2 .1  through 8.2.15 w e r e  used f o r  t h e  
test on specimen 2 and 8.2.16 through 8.2.21 were f o r  
specimen 3 .  
8.2.1 The flow and r e g u l a t o r  t es t  se tup  w a s  assembled as shown i n  f i g u r e  
8-1 us ing  t h e  equipment l i s t e d  i n  t a b l e  8-1. 
8.2.2 All va lves  were closed.  A l l  r e g u l a t o r s  w e r e  ad jus ted  f o r  a 
zero  o u t l e t  p ressure .  
\ 
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8.2.3 Valves 13 ,  16 ,  and 18 were opened. 
8.2.4 Regulator  3 w a s  ad jus t ed  u n t i l  t h e  specimen dome p res su re ,  
i nd ica t ed  on gage 8, was t o  t h e  va lue  r equ i r ed  f o r  a s ta t ic  
o u t l e t  p re s su re  of 750 p s i g  (see 4.2.13).  
w a s  maintained dur ing  t h e  flow condi t ions .  
This  dome p res su re  
8.2.5 Regulator  7 w a s  ad jus ted  loading  r e g u l a t o r  6 ,  u n t i l  a specimen 
i n l e t  p re s su re  of 500 p s i g  w a s  i nd ica t ed  on gage 12. 
specimen dome, i n l e t ,  and o u t l e t  p re s su res  and t h e  in le t  and 
o u t l e t  gas temperatures ,  and t h e  flowmeter o u t  u t s  were. f e  
d i r e c t l y  t o  analog computer 24 f o r  t h e  flow c a l c u l a t i o n .  
d a t a  were p l o t t e d  w i t h  recorder  25. 
The 
all 
8.2.6 The procedure descr ibed  i n  8.2.5 w a s  repea ted  f o r  specimen i n l e t  
p re s su res  up t o  6000 ps ig .  Flow de termina t ions  were made a t  each 
500-psig increment. 
8.2.7 With t h e  i n l e t  p re s su r i zed  t o  6000 p s i g  and t h e  o u t l e t  remaining 
a t  750 ps ig ,  t h e  i n l e t  p re s su re  was v a r i e d  (210 percent)  dur ing  
maximum flow condi t ions .  F luc tua t ions  o r  changes i n  t h e  o u t l e t  
p re s su re  and dome p res su re  were recorded. (The i n l e t  p re s su re  
w a s  l i m i t e d  t o  6000 ps ig ) .  
8.2.8 The procedures descr ibed  i n  8.2.4 through 8.2.6 w e r e  repeated 
us ing  specimen o u t l e t  p re s su re  of 1500 and 3000 ps ig .  
i n l e t  p re s su res  were equal  t o  t h e  r e s p e c t i v e  o u t l e t  p re s su res .  
S t a r t i n g  
8.2.9 Valve 1 6  w a s  c losed .  
8.2.10 Regulator  7 w a s  ad jus t ed  u n t i l  a specimen i n l e t  p re s su re  of 1500 
p s i g  w a s  i n d i c a t e d  on gage 12. 
8.2.11 Regulator  3 was ad jus t ed  u n t i l  a specimen o u t l e t  p re s su re  of 
750 PSig w a s  i nd ica t ed  on gage 20. 
8.2.12 Valve 16 w a s  a l t e r n a t e l y  opened and c losed ,  and t h e  f low v a r i e d  
from zero  t o  maximum and back t o  zero.  
monitored f o r  c h a t t e r i n g ,  o s c i l l a t i o n s ,  o r  p re s su re  f l u c t u a t i o n s .  
The specimen w a s  
8.2.13 The procedures  descr ibed  i n  8.2.10 through 8.2.12 w e r e  repeated 
f o r  specimen i n l e t  p re s su res  of 3000, 4500, and 6000 ps ig ,  and 
f o r  an  o u t l e t  p re s su re  of 3000 ps ig .  
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8.2.14 A f u n c t i o n a l  test  w a s  performed fol lowing t h e  completion of 
t h i s  test. 
8.2.15 The test d a t a  were. recorded. 
8.2.16 Specimen 3 w a s  i n s t a l l e d  i n  t h e  test se tup  as shown i n  f i g u r e  
8-2 us ing  t h e  equipment l i s t e d  i n  t a b l e  8-1. 
8.2.17 Valve 18 w a s  opened. Regulator  7 was a d j u s t e d ,  loading  r e g u l a t o r  
6 ,  u n t i l  a specimen i n l e t  p re s su re  of 6000 p s i g  w a s  i nd ica t ed  on 
gage 12. 
8.2.18 Regulator  3 w a s  ad jus t ed  f o r  an o u t l e t  p re s su re  of 500 psig,a;s  
i n d i c a t e d  on gage 8. 
dome of t he  test specimen and begin f low).  
and temperatures  were fed  d i r e c t l y  t o  analog computer 24 which 
cont inuous ly  ca l cu la t ed  flow va lues  as t h e  i n l e t  p re s su re  decayed. 
A l l  d a t a  were p l o t t e d  on recorder  25. 
Solenoid valve 13 w a s  opened ( t o  load  t h e  
P e r t i n e n t  pressures  
8.2.19 Procedures 8.2.17 and 8.2.18 w e r e  repea ted  f o r  a t o t a l  of s i x  t i m e s .  
8.2.20 A8 an alternate test method, t h e  specimen dome was pre-pressurized t o  
500 p s i g ,  as ind ica t ed  by gage 8. The specimen i n l e t  p re s su re ,  
i nd ica t ed  on gage 12,  was qu ick ly  increased  t o  6000 p s i g  by us ing  
r e g u l a t o r  7.  This  method w a s  repea ted  a t o t a l  of 6 t i m e s .  
8.2.21 A l l  test d a t a  were recorded.  
8.3 TEST RESULTS 
8.3.1 Specimen 2 performed s a t i s f a c t o r i l y  du r ing  a l l  phases of t h e  flow and 
r e g u l a t o r  s e t t i n g  test .  N o  excessive c h a t t e r i n g ,  o s c i l l a t i o n s  o r  
p re s su re  f l u c t u a t i o n s  were noted a t  any t i m e .  The specimen equi- 
v a l e n t  o r i f i c e  w a s  found t o  be  0.35 inch. Although specimen 2 
performed s a t i s f a c t o r i l y ,  i t  d i d  experience a problem as a r e s u l t  
of t h e  flow test. See 8.33 f o r  d e t a i l s .  
8.3.2 Specimen 3 w a s  n o t  t e s t e d  i n  accordance wi th  t h e  s p e c i f i e d  procedure 
because of i t s  expected l a r g e  equiva len t  o r i f i c e  s i z e .  Ins tead ,  
t h e  test w a s  l i m i t e d  t o  determining t h e  Yequivalent o r i f i c e  of t h e  
specimen i n  i t s  f u l l  open p o s i t i o n .  The specimen equiva len t  o r i f i c e  
w a s  found t o  b e  0.72' inch. 
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The nylon S e a t  seal blew o u t  of t he  specimen during t h e  second 
prel iminary flow run ,  and t h e  v a l v e  s e a t i n g  s u r f a c e  w a s  s l i g h t l y  
scored by metal t o  metal contac t .  The specimen was r e p a i r e d  and 
re-assembled a t  that t i m e ,  and t e s t i n g  w a s  completed. The 
specimen s a t i s f i e d  f u n c t i o n a l  requirements fol lowing t h e  flow tes t .  
However, t h e  specimen exhib i ted  excessive seat leakage when 
f u n c t i o n a l l y  t e s t e d  aga in  as a p r e - r e q u i s i t e  t o  a surge  tes t .  
specimen w a s  a g a i n  disassembled f o r  examination and i t  was noted 
t h a t  t h e  v a l v e  seat bushing w a s  f i n g e r  t i g h t .  
seat seal w a s  broken, and less than one h a l f  of t h e  seal remained 
i n  t h e  Specimen. 
The 
Again, t h e  nylon 
8.3.3 Specimen 4 was;subjected t o  a n  unscheduled flow test because of 
t h e  o r i g i n a l  f a i l u r e  of specimen 3. 
s c c m  seat leakage  fol lowing t h e  flow test, b u t  i t  w a s  not  be l ieved  
t o  have s u f f e r e d  a severe  seat seal f a i l u r e .  However, a s  a r e s u l t  
of t h e  second f a i l u r e  of specimen 3,  specimen 4 w a s  disassembled 
and found t o  have f a i l e d  s i m i l a r l y .  
Specimen 4 exhib i ted  a 40 
Although specimen 2 had completed t h e  flow tes t ,  a subsequent 
surge  test, and a l l  t h e  requi red  f u n c t i o n a l  tests without evidence 
of f a i l u r e ,  i t  w a s  a l s o  disassembled because of t h e  f a i l u r e s  of 
t h e  o t h e r  two specimens. It a l s o  w a s  found t o  have a loose  v a l v e  
seat bushing. 
The d i s p h s i t i o n  of t h i s  f a i l u r e  s p e c i f i e d  t h a t  t h e  f a i l e d  p a r t s  would 
be rep laced ,  t h e  specimens would be  reassembled and torqued i n  accor- 
dance with a p p l i c a b l e  s p e c i f i c a t i o n s ;  a l s o  t h a t  t e s t i n g  would be 
continued i n  t h e  normal sequence. Addi t iona l ly ,  t h e  v a l v e  seat 
bushing would be checked a f t e r  s p e c i f i e d  c r i t i ca l  tests t o  determine 
i f  normal o p e r a t i o n  had caused t h e  bushing t o  loosen.  
11.3.2 and 12.3.4 f o r  f m t h e r  d i s c u s s i o n  of t h i s  problem. 
See paragraphs 
8.4 TEST DATA 
8.4.1 Typical  f low.da ta  f o r  specimens 2 and 3 are presented i n  t a b l e s  8-2 
and 8-3. 
8.4.2 H i s t o r i e s  of a l l  flow tests are presented  i n  t a b l e  8-4 f o r  specimen 2 
and i n  t a b l e  8-5 f o r  specimens 3 and 4 .  
8.4.3 Graphical  p r e s e n t a t i o n s  of c e r t a i n  flow d a t a  are shown i n  f i g u r e s  
8-4 and 8-5. 
8.4.4 A photograph of the o r i g i n a l  seat seal f a i l u r e  of specimen 3 i s  shown 
i n  f i g u r e  8-6. 
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8.4.5 The f u n c t i o n a l  rest d a t a  obtained fo l lowing  t h e  f l o w  test are 
presented  i n  t a b l e s  8-6 and 8-7. 
8.4.6 Equivalent  o r i f  i e e  c a l c u l a t i o n ,  specimen 2. 
w = 0.525 YdO2C (from Crane Technical  
i a p e r  410, Flow of F lu ids  ..., 
P. 3-24). 
T e s t  d a t a  ( d a t a  po in t  26, t a b l e  8-2) 
PIN = 3815 p s i a  
Pout = 605 p s i a  
Tin = 508 O R  
W = 6.91 l b / s e c  
A P  = 3815 - 605 = 3210 = 0.842 
P i n  3815 3815 
Assume do = 0.35 
& = 0.318 
dl 
d l  = 1.1 (1-1/2 XXS pipe)  
Y = 0.73 
C = 0.601 
- 
144 P i n  ZRTia = 1.10 (55.2) (508) = 0.0562 
144 (3815) 
do2 = 6.91 = 0.126 
.525 C. 73) (. 601) (3210 )1 /2  
(. 0562) 
do = 0.354 inch  
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8.4 .7  Equivalent o r i f  ice c a l c u l a t i o n ,  specimen 3. 
w = 0.525 Ydo C 2 E  
T e s t  d a t a  (da ta  p o i n t  8 ,  table 8-3) 
Pin = 1095 p s i a  
Pout = 320 p s i a  
Tin = 485 OR 
w = 9.2 l b / s e c .  
= 1095 - 320 =: - 775 = 0,708 
P i n  1095 ’ 1095 
assume do = 0.72 
= 0.654 
d. 
Y = 0.735 
C = 0.672 
V = ZRTin = ,  0.98 (55.2)(485) = 0.1665 
144 P i n  144 (1095) 
dz  = 9.2 = 0.521 
.525 (.735)(.672) (775)1/2 
(. 1665) 
do = 0.722 inch  
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Table 8-1. Flow and Regulatok S e t t i n g  T e s t  Equipment L i s t  
I t e m  
T e s t  Specimen 2 
T e s t  Specimen 3 
T e s t  Specimen 4 
GN2 P res su re  
Source 
P res su re  Regulatoi 
F i l t e r  
P res su re  Trans- 
ducer  
P res su re  Regu- 
l a t o r  
P res su re  Regu- 
l a t o r  
P res su re  Gage 
P r e s s u r e  Gage 
Thermocouple 
Hand Valve 
P res su re  Gage 
%nuf ac t u r e r  
Grove 
CCSD 
Tescom 
Permanent F i l t e r  
Corp 
S t a t  ham 
Grove 
Tescom 
H e i s  e 
Heise 
Honeywell 
Aminco 
Heise 
8-9 
Model/ 
P a r t  No. 
T-1538 
T-1541 
Tr1541 
2 6-10 21- 
20 
9377- 
3154 
PA- 8 26 - 
1019 
211-B 
2 6- 102 1- 
20 
H38486 
34955 
44-13106 
H49480 
-- 
S e r i a l  
N o .  
106869-2 
106 8 7 0- 1 
106870-2 
1529 
CPB-010 
NASA 95- 
1750-B 
11075-1 
3024 
NASA 
200613- 5 
NASA 
014231 
NASA 95- 
1653-B 
Remarks 
P res su re  
Regulator  
10,000 p s i g  
Handload, 0 t o  
10,000 p s i g  
o u t l e t  
2 micron 
10,000 p s i g  
0 t o  10,000 
P s i g  
- + 0.1% FS 
Cal d a t e  6/5/67 
High f low,  Dome 
load ,  0 t o  
10,000 p s i g  
o u t l e t  
Hand load ,  0 t o  
10,000 p s i g  
o u t l e t  
0 t o  10,000 
Ps ig  
- + 0.1% FS 
C a l  d a t e  9/18/67 
0 t o  10,000 
PSi!3 
- + 0.1% FS 
C a l  d a t e  7/17/61 
Copper-Cons- 
t an tan  
1/4-inch 
0 t o  10,000 
p s i g  ; 
- + 0.1% FS 
Cal d a t e  7/14/6; 
Table 8-1. Flow and Regulator S e t t i n g  T e s t  Equipment L i s t  (Continued) 
I 
I t e m  
No. 
13  
1 4  
15  
16 
1 7  
18 
19 
20 
21  
22 
23  
24 
b 25 
Item 
Solenoid Valve 
Thermocouple 
P r e s  s u r  e 
Transducer 
Motor Driven 
Valve 
Flowmeter 
A i r  Operated 
Valve 
P res su re  
Transducer 
P r e s s u r e  Gage 
P r e s s u r e  Gage 
P r e s s u r e  
Transducer 
Solenoid Valve 
Analog Computer 
Recorder 
Manufacturer 
Marotta 
Honeywell 
S tatham 
Vacco 
P o t t e r  
F i s h e r  
Statham 
H e i  se 
Ashcrof t 
S ta tham 
Marot ta  
EA1 
Brush 
Model/ 
P a r t  No. 
Mv-583 
PA-8 2 6- 
10M 
NV-6P- 
407-2MG 
24 
2-5318GA 
470-D 
PA- 7 3 1TC 
-1M350 
H49479 
1850 
P O 7  3 1TC 
-7.5M- 
3 50 
MV-583 
Pace 
Model 
231R 
8875 
S e r i a l  
No. 
2885 
417 
COSM2-1 
3572- 
094 
NASA 
20083C-B 
NASA 95 
1652-B 
NASA 95- 
1508-B 
12210 
813 
NASA 
019473 
NASA 
000062 
Remarks 
1/ 2-inch, 
3-way 
normally 
c losed  
€opper- 
Constantan 
0 t o  10,000 
P s i g  + 0.1% FS 
C a l  d a t e  5/25/67 
-
1 - 1 / 2  i nch ,  
6000 p s i g  
6000 p s i g ,  
scfm 
0 t o  40,000 
2-inch 
0 t o  1000 p s i g  
- + 0.1% FS 
tal d a t e  9/7/67 
0 t o  10,000 
P s i g  
- + 0.1% FS 
C a l  d a t e  7/14/67 
0 t o  20,000 p s i g  
+ 2% FS 
C a l  d a t e  10/11/6 
-
0 t o  7500 p s i g  
C a l  d a t e  9/11/67 
1/2- inchY 2-way 
normally c losed  
8 Channel 
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8-1. Flow and Regulator  S e t t i n g  T e s t  Equipment L i s t  (Continued) 
Item 
Pressu re  Gage 
P res su re  Gage 
Ventur i  Flowmeter 
 
Manuf actdr er 
Heise 
H e i s e  
Flow Dyne 
P res su re  Trans- 
ducer 
Pres  s u r e  
Transducer 
CEC 
Bourns 
I 
Nodel/ 
P a r t  No. 
H38485 
H38490 
X-UP 
063000 
SGP 
20- 25 21 
2006 
4-350- 
0001 
S e r i a l  
No. 
NASA 
200613-7 
NASA 
200613-8 
2531 
NASA 95- 
1503-33 
NASA 95- 
1164-B 
Remarks 
0 t o  5000 p s i g  
- + 0.1% FS 
Cal d a t e  9/18/67 
0 t o  1000 p s i g  
- + 0.1% FS 
Gal d a t e  9/18/67 
Throat 
Diameter: 
2.986 inches  
0 t o  200 p s i g  
- + 0.1% FS 
C a l  d a t e  6/6/67 
0 t o  100 p s i g  
- + 0.1% FS 
Gal d a t e  1111516 
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Table 8-2. Typica l  Flow Data, Specimen 2 
a t a  
o i n t  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13  
14  
1 5  
16  
17 
18  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
i n l e t  
P res su r  e 
(ps ig)  
57 50 
5100 
4700 
4200 
3625 
3200 
260 3 
2100 
1600 
1075 
500 
4200 
3700 
3200 
2600 
2200 
1600 
6100 
5750 
5400 
5100 
4800 
4550 
4300 
5000 
3800 
825 
8 15 
825 
820 
825 
840 
840 
825 
830 
830 
8 40 
1600 
16 1 5  
1015 
1615 
1515 
16 1 5  
3190 
3160 
3170 
3190 
3160 
3190 
3160 
3150 
i 
Dome 
P r e s  s u r  e 
(psin) 
, 
3200 
O u t l e t  
P res su re  
(ps iR) 
7 60 
7 70  
7 25 
635 
550 
475 
390 
3 00 
210 
140 
40 
650 
575 
475 
400 
3 00 
200 
950 
900 
840 
800 
750 
7 10 
680 
630 
590 
In l e t  
Temp. 
0 
533 
530 
527 
52‘6 
522 
5 16 
5 11 
505 
497 
488 
484 
5 18  
5 15  
509 
500 
493 
585 
53 3 
532 
530 
5 27 
5 24 
5 20 
516 
512 
508 
Ouffe t  
Temp. 
(“a> 
488 
483 
479 
479 
474 
473 
471  
469 
471 
473 
471 
47 0 
466 
463 
461 
459 
459 
48 9 
487 
484 
480 
478 
474 
470 
466 
462 
Flow Mete] 
output  
_ o L  
139 
150 
15  2 
146 
141 
138 
135 
127 
126 
120 
152 
147 
143 
136 
1 3 1  
130  
125 
160 
165 
165 
16  5 
160 
160 
15 8 
150 
1 4  5 
Flow 
( l b / s e c )  
7.98 
3.41 
7.72 
7.05 
6.40 
5.40 
4.73 
3.71 
2.91 
2.02 
1.23 
7.26 
6.62 
4.98 
4.75 
3.81 
2.91 
0.80 
0.01 
9.69 
9.30 
a. 63 
8.59 
8.04 
7.47 
6 .91  
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Table 8-2. Typica l  Flow Data, specimen 2 (Continued) 
Data I n l e t  Dome Outlet In l e t  O u t l e t  
Po in t  Pressure  P res su re  P res su re  Temp. Temp. 
( p s i g )  (ps ip)  . (psig) , (OR) (OR) 
27 3400 3190 500 504 458 
28 3200 3160 47 5 498 454 
Flow Meter Flow 
output  ( l h  / s ec) 
(cps) 
132 6.06 
135 4.84 
, 
Table 8-3. Typica l  Flow Data, Specimen 3 
S p ec i m  en Vent 
I n l e t  O u t l e t  In le t  In l e t  
P res su re  P r e s s u r e  Temp. P res su re  
( P S i d  ( p s i d  (OR) (ps ia) 
Data 
P o i n t  
1 
2 
3 
4 
5 
6 
7 
8 
r i  
Throat 
3400 
2080 
1790 
1590 
1390 
1250 
1200 
1080 
491 525 84 
458 522 77 
422 5 16 73 
397 506 68 
373 503 64 
350 49 6 60 
332 489 57 
305 485 53 
- 
P r e s s u r e  
(psis) 
55 
51 
48 
44.5 
42 
40 
38 
34.5 
In l e t  
Temp. 
(OR) 
469 
470 
472 
469 
464 
459 
453 
(450-) 
Flow 
( l b /  s ec)  
14.2 
13.1 
12.4 
11.6 
11 .o 
10.5 
9.9 
9.2 
8-13 
N 
G 
.rl 
v ar a 
rn 
2 
n 
b 
Ll 
0 
U 
m 
.rl 
U 
m 
a) 
H 
5 
0 
l-i 
Frr 
P 
e 
I co 
a, 
l-i 
P 
rd 
H 
; $ E  
U 
1 
0 ili 0 0 0 0 0 0  u u 4J u ulu  0 0 0 0 0 0  o l - i c n m c o c n  m m u 4 d - e  I 
0 0 0 0 0 0  
m e m m e m  m m m m m m  I 
r l l - i N \ O L n  
N 
0 0 0 0 0  u u u u u o  u 
0 l - i e m t - I  
l-il-iFil-il-iQ j_ urn 
l-i- I 0 0  0 0 0 0  O o N m O o  m m  m N  0 0  o o c ) u o o  u u  u u  0 0  0 0 0 0 0 0  m m o o o o  b b d l - i w m  
0 0 \ 0 N O O  
t- 
0 0 0 0  
0 0 0 0 0 0  o o m o o m  m m t - I m * l - i  
0 0 0 0 0 0  u 4J 4-J u ulu 
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
Q Q Q a Q m  l 
3 
-I 
I-l 
?l n 
300000000 
N m m N N b m m m  
000 
0 
0 0  
d o  
l-ico 
0 0 00000 0 0 u u u m m m m u u  
0 0 0  0 0  m m m  0 0  
m m  
b b b b  
b b i> 0 0  
0 0 0 0 0 0 0 0 0  o o b o o o o o o  
m c o c o c o c o c o m o o  m m  
0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0  m o m o o o o o m  
d m u m U 3 Q a u J e  
.. 
D a 
a 
9 
n 
a , u  
! 2 i E - C -  
u 
m 
a, 
€4 
0 0 0 0 0 0 0 0 0 0  0 0 0  
m a N N r l r l N m m O O r l N N  0 0 hl -4 
N 
30 
rl 
wl 
m 
a n  
ab0 
k 
P I m  a 
a,- 
6 s 
0 0 0 0 0  
0 0 0  m m m  0 m m m  
0 0 0  0 0 0  u o  u u o o o o o u u u o o o o  
0 0 0 0 0 0  0 0 0 0  o m  o o m m m m m o o o m m m m  
O Q O  
0 m 
a,- 
m 
u a  
a,W 
rl c 
H 
PI N t b o  .rl 
0 0  0 0  
O U  0 0  m m o  
d o  F l d 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0  0 0 0 0 0 0 0  
U U a a a a a a a a a h l N Q  u m  
0 0 0  0 0 0 0 0 0 0 0 0 0 0  
0 JJO 0 0 u u JJ u u u u u u  
0 m o o  a or4 19 a 0 0 0 0 0 0 0 0 0  
0 0   0 0 0 0 0 0 8 0 0 0 0 0 0 0  
U 
a, a m 
8-15 
m e 
r n m - r n r n  
r n m r n m r n  
0 0 0 0  c o c o b b  
0 0 0 0 0  
u a r n  u u w u w a z o  0 0 0 0 
rn 
U J n  
a ) M  0 0 0  
k .rl 0 0 0  
p l m  m m m  
a)- 0 0 0  o o u w w  
0 0  I n m o o o  EI 
a 
F 
rn' 
rn 
0) 0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  
N C \ I \ D \ D \ D  
E2 
u m  
ala 0 0  
4 0  u w  
0 0  
C 
H 
I n Q b c O c n  
C 
al 
3 
-i 
(d 
> 
4 
(d 
3 
0000 
I I 
M 
.d 
m M  
a c y  
U 
I- 
< 
M 
-4 
m a 
co 
b 
+ I  
e 
4 
u, 
rl 
M 
-4 
(0 
a 
0 
In 
rl 
+ I  
0 
0 
0 
m 
8-17 
a 
G 
ld 
m 
2 
a, 
*rl 
0 
a, a 
v3 
u 
m 
a, 
H 
E? 
n 
rl 
I& 
2 
-ti 
3 
0 
rl 
rl 
0 
Fr 
6u u 
ld 
0 
rl 
ld 
.rl u 
do 
i 
b 
I co 
a, 
rl 
P 
ld 
H 
0 0 0 0  co m c o e  co 
r 
0 0 0  
rl ol-lo ur m m  
rl 4 4  
h ld a)
coooo 
CJ 
0 C.) 0 0 
0 0 0 0  r l z z z  
0 o c  co m a 0  
aJ b c o  
0 00 
e3 O N  ur m m o  
rl rlrl 
I 
I 
4. m 
rl rl 
e U 
e L n  
rl rl 
e e 
l d d  
3 3  
oa) 
u 
(d 
m u M  a, 
0 o m  
0 0 0 0  
0 00-3- 
m r i m  
M 
-rl M 
m .d 
a m  
m e3 
m o  
a b y  
- + I E t  
+ I  +I2 2 
0 0 3 m  
0 0 0 0  
m m 4 r l  
o u  
m 
m 
03 
Q1 
a, 
v) 
.# 
'8-18 
8-19 
$ 1  ' I  
i ! \ i l l  i
?- 
I 
L 
i 
I 
1 
r i  
(d 
aJ m 
8-22 
SECTION I X  
SURGE TEST 
9 . 1  TEST REQUIREMENTS 
9.1.1 A su rge  test  s h a l l  b e  performed on test  specimens 2 and 3 t o  
determine whether t h e  environment causes  degrada t ion  o r  deformation. 
.9.1.1.L The specimen inlet  p o r t  s h a l l  b e  p re s su r i zed  from 0 t o  6000 p s i g  
w i t h i n  100 mi l l i s econds  wi th  no p res su re  app l i ed  t o  the dome o r  
o u t l e t  p o r t s .  
9.1.1.2 A t o t a l  of 500 su rge  cyc le s  s h a l l  be performed. 
9.1.3 
9.2 
9.2.1 
9.2.2 
9.2.3 
9.2.4 
9.2.5 
9.2.6 
Funct iona l  tests i n  accordance wi th  Sec t ion  I V ,  performed a t  
250 and 500 cyc le s ,  
TEST PROCEDURE 
Funct iona l  tests w e r e  performed on spekimens 2 and 3 because more 
than  72 hours had e lapsed  s i n c e  t h e  prev ious  f u n c t i o n a l s .  
The surge  test se tup  w a s  assembled as shown i n  f i g u r e s  9-1 and 9-2 
us ing  t h e  equipment l i s t e d  i n  t a b l e  9-1, 
A l l  valves were c losed ,  
o u t l e t  p ressure .  
All r e g u l a t o r s  were adjus ted  f o r  a zero 
Hand valve 3 w a s  opened, 
approximately 10,000 ps ig .  
Gage 5 i n d i c a t e d  a supply p re s su re  of 
Hand valve 15 w a s  opened t o  vent t h e  specimen dome, and swi tch  
24 w a s  c losed  and so lenoid  valve 1 9  opened t o  ven t  t h e  specimen 
o u t l e t  po r t .  
Hand valves 7 ,  11, and 17 were opened. Switch 2 1  was ,c losed  and 
so lenoid  valve 16 opened. 
dome of r e g u l a t o r  8,  u n t i l  gage 18 and t ransducer  25 ind ica t ed  a 
specimen i n l e t  p re s su re  of 6000 p s i g .  
f o r  the cyc l ing  ope ra t ions  t o  p r o t e c t  gage 18. 
Regulator 9 w a s  ad jus t ed  loading  t h e  . 
Hand va lve  1 7  w a s  t hen  closed 
9-1 
9.2.8 Funct iona l  tests w e r e  performed a f t e r  250 and 500 cyc les .  
9.2.9 A l l  d a t a  were recorded. 
9.3 TEST RESULTS 
9.3.1 Both specimens completed t h e  requi red  500 surge c y c l e s  without 
evidence of damage o r  f u n c t i o n a l  degradat ion.  
9.4 TEST DATA 
9.4.1 Typical  s u r g e  pressure  pulses  are shown i n  f i g u r e  9-3. 
9.4.2 Funct iona l  d a t a  recorded before ,  during and a f t e r  the surge  test 
are presented i n  t a b l e s  9-2 and 9-3. 
9-2 
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Table 9-1. Surge T e s t  Equipmen.t L i s t  
I t e m  
No. 
1 
1 2  
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14 
15 
I t e m  
T e s t  Specimen 
Hand Valve 
F i l t e r  
P res  s u r e  Gage 
Hand Valve 
Hand Valve 
Regulator  
Regulator  
P res su re  Gage 
Hand Valve 
Regula t o r  
P r e s  s u r e  Gage 
Hand Valve 
Hand Valve 
Manufacturer 
Grove 
CCSD 
Carda i r  
Permanent F i l t e r  
Corp . 
Ashcrof t 
Tescom 
Carda i r  
Grove 
Tescom 
Marsh 
Hoke 
Tescom 
Heise 
Tescom 
Tescom 
Model/ 
P a r t  No. 
T-1538 
T-1541 
3510-0077 
9 3 7 7 -3154 
6-64 
30-110 -104 
55100071 
201-B 
26-1021-20 
100-45 
WOG 
26-1021-20 
H35958 
30-1100-104 
30-1100-104 
Serial  
No. 
106869-2 
106870-1 
CPB-010 
NASA No. 
95-1648-1 
8360 
RA- 7 049 
3025 
NASA 95- 
1186-B 
l O O G  
8360 
NASA 
015534 
Remarks 
Dome 
r e g u l a t o r s  
10,000 p s i g  
3/4 inch 
2 micron, 
10,000 p s i g  
0 t o  20,000 
P s i g  
+0.5% - FS 
C a l  d a t e  12/11/6: 
10,000 p s i g  
10,000 p s i g  
Dome loaded, 
IO,~OO p s i g  inlel 
0 to ,  10,000 p s i g  
o u t l e t  
10,000 p s i g  inler 
0 t o  10,000 p s i g  
o u t l e t  
0 t o  10,000 p s i g  
- + 0.5% FS 
Cal d a t e  9/23/67 
10,000 p s i g  
10,000 p s i g  inle .  
o u t l e t  
0 to 10,000 p s i g  
0 t o  5,000 p s i g  
- + 0.1% FS 
Cal d a t e  7/18/67 
10,000 p s i g  
10,000 p s i g  
Table 9-1. Surge T e s t  Equipment L i s t  (Continued) 
-- 
I t e m  
No. 
1 6  
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
I t e m  
Solenoid Valve 
Hand Valve 
P res su re  Gage 
Solenoid Valve 
Power Supply 
Switch 
T i m e r  
Counter 
Switch 
Transducer 
Osc i l lograph  
Recorder 
Manufacturer 
Marot t a  
Robbins 
Heise 
Marot ta  
Perk in  E lec t ron ic s  
C u t l e r  Hammer 
Cramer 
Durant 
Cu t l e r  Hammer 
Statham 
CEC 
Model/ 
P a r t  No. 
MV-583 
SST-G250- 
4T 
H35227 
MV-583 
MRST28-300A 
523 
PG7 31TC- 
7.5M-350 
5-124 
S e r i a l  
No.  
378 
NASA 
012452 
370 
NASA 
009941 
Y2389 
NASA 
105-1111 
-B 
NASA 
017887 
Remarks 
3-way 
normally c losed  
6000 p s i g  
0 t o  10,000 p s i g  
- 4- 0.1% FS 
C a l  d a t e  12/11/67 
Normally c losed  
28 vdc 
s p s t  
Cam operated 
4 d i g i t  
s p s t  
0 t o  7500 p s i g  - 60.5% FS 
C a l  d a t e  9/11/67 
C a l  d a t e  10/18/67 
9-5 
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SECTION X 
SALT FOG TEST 
10.1 TEST REQUIREMENTS 
10.1.1 T e s t  specimens 2 and 3 s h a l l  be subjec ted  t o  a s a l t  fog tes t .  
The test specimens s h a l l  b e  placed i n  a test chamber wi th  a l l  
t h e  a d d i t i o n a l  equipment descr ibed  i n  KSC-STD-l64(D). 
per iod of 240 hours (22 hours) ,  t h e  specimens s h a l l  be sub jec t ed  
t o  a n  atomized sa l t  s o l u t i o n .  
For a 
10.1.2 The s o l u t i o n  s h a l l  con ta in  5 p a r t s  by weight of s a l t  i n  95 p a r t s  
by weight of water wi th  no more than  200 p a r t s  pe r  m i l l i o n  of 
t o t a l  s o l i d s .  
be  from 1.023 t o  1.037 wi th  a r e fe rence  temperature of 95°F (+2, 
-4°F). 
7 .2 .  D i lu t ed ,  chemically pure,  hydrochlor ic  a c i d  o r  chemically 
pure sodium hydroxide may be used t o  a d j u s t  t h e  pH va lue .  
The s p e c i f i c  g r a v i t y  of t h e  sa l t  s o l u t i o n  s h a l l  
The sal t  s o l u t i o n  s h a l l  a l s o  have a pH va lue  of 6.5 t o  
10.1.3 Measurements of t h e  c h a r a c t e r i s t i c s  of t h e  salt  s o l u t i o n  s h a l l  be 
made according t o  KSC-STD-l64(D). 
10.1.4 Following t h e  240 hour prolonged exposure,  t h e  test  specimens 
s h a l l  b$ subjec ted  t o  a f u n c t i o n a l  test  w i t h i n  1 hour a f t e r  re- 
t u r i n g  t o  room ambient condi t ions .  
10.2 TEST PROCEDURE 
10.2.1 The test specimens w e r e  v i s u a l l y  inspec ted  f o r  co r ros ion ,  d i r t ,  and 
o i l y  f i lms .  
Any co r ros ion  w a s  noted. A f u n c t i o n a l  test was performed, because 
more than 72 hours had elapsed s i n c e  t h e  previous f u n c t i o n a l  t es t .  
Unnecessary o i l y  f i lms  and d i r t  p a r t i c l e s  w e r e  removed. 
10.2.2 The test  specimens were placed i n  t h e  test  chamber as shown i n  
f i g u r e  10-1. 
10.2.3 The chamber w a s  ad jus t ed  u n t i l  t h e  temperature  was 95 (+2, -4)"F 
and t h e  c l ean  fog-col lec t ing  r e c e p t a c l e  i n  t h e  exposure zone would 
c o l l e c t  from 0.5 t o  3 . 0  m i l l i l i t e r s  of s o l u t i o n  per  hour f o r  each 
square cent imeter  of h o r i z o n t a l  c o l l e c t i n g  area. 
10-1 
10.2.4 The cond i t ions  set f o r t h  were maintained f o r  240 hours.  
10.2.5 A t  t h e  end of t h e  240 hour pe r iod ,  t h e  test specimens were removed 
from t h e  chamber and allowed t o  r e t u r n  t o  room ambient cond i t ions .  
i0.2.6 S a l t  d e p o s i t s  were removed as necessary  t o  make a l l  mechanical 
connect ions.  
10.2.7 Within 1 hour a f t e r  t h e  specimens were re turned  t o  room ambient 
cond i t ions ,  a f u n c t i o n a l  test was performed as s p e c i f i e d  i n  
s e c t i o n  I V .  
10.2.8 The test specimens were inspec ted ,  and t h e  s a l t  d e p o s i t s  were 
removed . 
10.2.9 A l l  d a t a  were recorded. 
10.3 TEST RESULT,$ 
10 .3 .1  There w a s  no evidence of s i g n i f i c a n t  co r ros ion  on e i t h e r  specimen 
as a r e s u l t  of t h e  prolonged salt  fog exposure. 
10.3.2 Nei ther  specimen exh ib i t ed  any f u n c t i o n a l  degrada t ion  as a r e s u l t  
of t h i s  test. 
10.4 TEST DATA 
10.4.1 The sal t  fog test f u n c t i o n a l  d a t a  are presented i n  t a b l e s  10-2 
and 10-3. 
Figure  10-1., S a l t  Pog T e s t  Setup 
10- 3 
Table 10-1. S a l t  Fog T e s t  Equipment L i s t  
Model/ 
P a r t  No.  
T-1538 
T-1541 
411.1C 
I I I 
S e r i a l  
No. Remarks 
106869-2 P res su re  
106870-1 Regulator 
5-3632 A s  pe r  s p e c i f i -  
c a t i o n  
KSC-STD-164 (D) 
I t e m  
No. 
1 
I t e m  Manbfacturer 
T e s t  Specimen Grove 
I n d u s t r i a l  F i l t e r  & 
Pump Mfg., Go. 
2 
I 
S a l t  Fog 
Chamber 
I I I 
Mea s u r  emen t 
Sea t  Leakage 
External Leakage 
Reverse Dome Leakage 
Forward Dome Leakage 
Reference Allowable 
Paragraph Value 
4 .1 .1  1 0  sccm 
4.1.1 N o  l eakage  
4.1.2 No leakage 
4.1.3 No  leakage 
 
765 
750 
765 
0 
Table 10-2. Salt! Fog T e s t  Funct iona l  Data, Specimen 2 
770 
7 50 
76 5 
0 
Actua l  Dome Pres su re  
Regula t o r  S t a b i l i t y  
O u t l e t  : 
Dome : 
Seat Leakage 
I------* I I I 
4.1.4 1514 5 78 p s i g  
1500 5 30 p s i g  
Actua l  f. 2% 
4.1.5 10  sccm 
Actual Dome Pres su re  
Regula tor  S t a b i l i t y  
Ou t l e t :  
Dome : 
Seat  Leakage 
4:1.4 
4.1.5 
766 5 38 p s i g  
750 5 15 p s i g  
Actual & 2% 
10 sccm 
I I 
1 
@ I 
Actual Dome Pres su re  
Regulator S t a b i l i t y  
O u t l e t :  
Dome : 
Sea t  Leakage 
4.1.4 
4.1.5 
3009 5 150 p s i g  
3000 f. 60 p s i g  
Actual If: 2% 
10 sccm 
ere-test I Pos t  T e s t  
1 
0 
0 
0 
0 
+ 
1520 
1530 I 
1500 
1530 
0 
1505 
1525 
0 
3020 
3000 
3020 
0 
3030 
3000 
3035 
0 
Table 10-3. S a l t  Fog Test F m c t i o n a l  Data, Specimen 3 
Actual  Dome Pres su re  
Regulator  S t a b i l i t y  
O u t l e t :  
Dome : 
Seat Leakage 
4.1.4 3060 - + 153 p s i g  3075 3070 
3000 2 60 p s i g  3000 3000 
Actual  2 2% 3075 3072 
4.1.5 10  sccm 0 0 
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SECTION X I  
VIBRATION TEST 
11.1 TEST REQUIREMENTS 
11.1.1 A v i b r a t i o n  tes,t w i l l  be  performed on test specimens 2 and 3 
whi le  t h e  specimens are set  t o  reduce p res su re  from 6000 t o  
3000 p s i g  t o  determine whether t h e  environment causes  degrada- 
t i o n  o r  deformation. 
mutual ly  perpendicular  axes. 
accordance wi th  KSC-STD-l64(D), s e c t i o n  9,  f i g u r e s  9-1 and 
9-2, l e v e l  D. I f  f a i l u r e  occurs  a t  l e v e l  D ,  a sweep s h a l l  be 
conducted oh specimen 
Vibra t ion  s h a l l  be appl ied  along t h r e e  
The test s h a l l  be performed i n  
2 and a t  l e v e l  E. 
11.1.1.1 Resonant Frequency Search, The f i x t u r e / t e s t  specimen assembly 
shall be exposed t o  s i n u s o i d a l  v i b r a t i o n  a t  t h e  inpu t  l e v e l s  
shown i n  t a b l e  11-1. A frequency range of 5 t o  3000 cps s h a l l  
be t r ave r sed  loga r f themica l ly  i n  d i r e c t i o n s  of both inc reas ing  
and decreas ing  frequency over a time per iod not  t o  exceed 15 
minutes per  a x i s .  A l l  f i x t u r e  and 
test  specimen resonant  f requencies  and t h e  s t r u c t u r a l  member 
i n  resonance sliall be noted. I n  a d d i t i o n ,  c r i t i c a l  f requencies  
of t h e  test  specimen s h a l l  be noted. C r i t i c a l  f requencies  
Actual  t i m e  s h a l l  be noted. 
Table  11-1. Resonant Frequency Search Levels  
Frequency (cps) Displacement Acce lera t ion  (g) 
45 t o  3000 
are def ined  as those  f requencies  a t  which f u n c t i o n a l  degrada t ion  
occurs  . 
11.1 .1 .2  S inusoida l  Sweep. I n  one 20-minute sweep, t h e  frequency range 
s h a l l  be scanned loga r i thmica l ly  from 10  t o  2000 cps and back 
t o  10 cps.  Critical f requencies  of t h e  test  specimen s h a l l  
be noted. The test i t e m  s h a l l  be f u n c t i o n a l l y  t e s t e d  a f t e r  
t h i s  test has  been completed. The s i n u s o i d a l  sweep inpu t  l e v e l s  
s h a l l  be  as shown i n  t a b l e  11-2. 
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Table 11-2. S inusoida l  Sweep Vib ra t ion  Levels  
Frequency (cps) Acce lera t ion  (g) 
-- 
45 t o  2000 
11.1.1.3 Random Exc i t a t ion .  The test specimen s h a l l  be exposed t o  ran- 
dom v i b r a t i o n  a t  t h e  s p e c i f i e d  l e v e l s  over  a frequency range 
from 10 t o  2000 cps f o r  5 minutes. 
be f u n c t i o n a l l y  t e s t e d  a f t e r  t h i s  test has  been compl3ted. 
The s p e c i f i e d  random inpu t  l e v e l s  s h a l l  b e  as shown i n  t a b l e  11-3. 
The test specimen s h a l l  
Table  11-3. Random E x c i t a t i o n  Vib ra t ion  Levels  
11.1.2 
11.1.3 
1 1 . 2  
11 .2 .1  
100 t o  1000 
1000 t o  2000 
Accelera t ion  s h a l l  be measured a t  t h e  test  assembly by 
acce lerometers  mounted on t h e  assembly. 
The v i b r a t i o n  test s h a l l  be conducted i n  t h r e e  mutual ly  
perpendicular  axes .  The previous ly  descr ibed  t e s t i n g  is  f o r  
one a x i s  and s h a l l  be completed be fo re  proceeding t o  t h e  next  
axes.  
TEST PROCEDURE 
The test specimen w a s  mounted on t h e  v i b r a t i o n  system as shown 
i n  f i g u r e  11-1 u t i l i z i n g  t h e  equipment l i s t e d  i n  t a b l e  11-4. 
11.2.2 A l l  hand valves were c losed ,  and a l l  r e g u l a t o r s  were a d j u s t e d  f o r  
zero o u t l e t  p r e s s u r e .  
11.2.3 Hand valve 15 w a s  opened. Gage 14  i n d i c a t e d  6500 p s i g .  
11.2.4 Hand valve 5 w a s  opened. Regulator 3 w a s  a d j u s t e d  u n t i l  a 
6000-psig specimen inlet  p r e s s u r e  was i n d i c a t e d  on gage 2. 
11.2.5 Hand valve 17 was opened, Gage 19  i n d i c a t e d  5000 p s i g .  
11.2.6 Hand 'valve 2 1  w a s  opened. 
o u t l e t  p r e s s u r e  of 3000 p s i g ,  w a s  i n d i c a t e d  on gage 24. 
Regulator 20 w a s  a d j u s t e d  u n t i l  a soecimen 
11.2.7 The condi t ions  s p e c i f i e d  i n  11.2.4 and 11.2.6 w e r e  maintained 
d u r i n g  a l l  p e r i o d s  of v i b r a t i o n .  
11.2.8 A f t e r  each per iod  of v i b r a t i o q h a n d  valves 1 5  and 17 were closed 
and t h e  system w a s  vented by opening hand valves 5 ,  13, and 25. 
11.2.9 Resonant Frequency Search. 
11.2.9.1 The frequency range of 5 t o  3000 cps and back t o  5 cps w a s  scanned 
l o g a r i t h m i c a l l y  over a t i m e  per iod which d i d  n o t  exceed 1 5  minutes 
i n  each of three axes. Input  levels are shown i n  t a b l e  11-1. 
11.2.9.2 Actual  survey t i m e s  w a s  recorded. 
11.2.9.3 A l l  f i x t u r e  and test i t e m  resonant  f requencies  w e r e  recorded. 
11.2.10 S i n u s o i d a l  Sweep Tqst.  
11.2.10.1 A f u n c t i o n a l  test w a s  performed, as s p e c i f i e d  i n  s e c t i o n  I V ,  s i n c e  
more than  72 hours had elapsed s i n c e  t h e  previous f u n c t i o n a l  t e s t .  
11.2.10.2 S teps  i n  paragraph 11.2.1 through 11.2.8 were repeated.  
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11.2.10.3 The frequency range  of 10 t o  2000 cps  and back t o  10  cps wag 
scanned loga r i thmica l ly  over a t i m e  per iod  of 20 minutes  (10 
minutes up and 10 minutes back) i n  each axis. 
are shown i n  table 11-2. 
Input  levels 
11.2.10.4 All cr i t ica l  f requencies  w e r e  recorded. 
11.2.10.5 A f u n c t i o n a l  test w a s  performed as s p e c i f i e d  i n  s e c t i o n  I V ,  
a f t e r  t e s t i n g  i n  each axis had been completed. 
I !  
11.2.11 Random E x c i t a t i o n  T e s t .  
11.2.11.1 Steps i n  paragraph 11.2.10.1 were repea ted .  
11.2.11.2 S teps  i n  paragraphs 11.2.1 through 11.2.8 w e r e  repea ted .  
11.2.11.3 The test specimen w a s  subjec ted  t o  random e x c i t a t i o n  f o r  5 minutes 
i n  each of t h r e e  axes. The s p e c i f i e d  random input  levels are 
shown i n  t a b l e  11-3. 
11.2.11.4 The test  d a t a  w a s  recorded. 
11.2.11.5 A f u n c t i o n a l  test  w a s  performed, as s p e c i f i e d  i n  s e c t i o n  I V ,  a f t e r  
t e s t i n g  i n  each a x i s  had been completed. 
11.3 TEST RESULTS 
11.3.1 Each test specimen (2  and 3) completed t h e  requi red  per iods  of 
v i b r a t i o n  without  evidence of f u n c t i o n a l  degradat ion.  
11.3.2 The valve seat bushing of specimen 2 w a s  found t o  be f i n g e r  
t i g h t ,  when inspec ted ,  fol lowing t h e  v i b r a t i o n  test .  The 
requi red  bushing torque  w a s  600 inch-pounds. Add i t iona l ly ,  
t h e  va lve  s e a t i n g  su r face  w a s  g a l l e d  s l i g h t l y  and t h e  nylon 
seat seal showed evidence of minor wear. 
became loose  as a r e s u l t  of t he  v i b r a t i o n  test o r  t h e  r e l a t e d  - 
f u n c t i o n a l  tests. The bushing w a s  checked a t  t h i s  t i m e  because 
of s i m i l a r  prqblems encountered dur ing  t h e  flow test (see 8.3).  
A s  a r e s u l t  oi t h i s  r e c u r r i n g  problem, d i r e c t i o n  w a s  rece ived  
The bushing apparent ly  
from CCSD-FO t o  inc rease  t h e  bushing torque  on a l l  specimens t o  
1200 inch-pounds f o r  subsequent tests. 
placed and t h e  valve s e a t i n g  s u r f a c e  w a s  po l i shed  be fo re  t e s t i n g  
w a s  cont inued.  
The seat. seal w a s  re- 
11.3.3 The resonant  frequency search  w a s  conducted t o  a maximum of only 
2000 cps i n s t e a d  of t h e  s p e c i f i e d  3000 cps  because of shaker 
l i m i t a t i o n s .  
11.4 TEST DATA 
11.4.1 The t o t a l  resonant  frequeficy search  t i m e  w a s  45 minutes f o r  each 
specimen. Resonant frequency d a t a  are presented  i n  t a b l e  11-5. 
11.4.2 Funct iona l  test  d a t a  are presented i n  t a b l e s  11-6 and 11-7. 
11.4.3 Accelerometer l o c a t i o n s  and t y p i c a l  test se tups  f o r  a l l  axes are 
shown i n  f i g u r e s  11-2 through 11-4. 
11.4.4 A photograph of t h e  damaged va lve  i s  shown i n  f i g u r e  11-5. 
11.4.5 Typical  v i b r a t i o n  c o n t r o l  p l o t s  are shown i n  f i g u r e s  11-6 through 
11-8. 
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Table 11-4. V ib ra t ion  T e s t  Equipment L i s t  
I__ 
t e m  
0. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
-0 
-1 
-2 
13 
L4 
L5 
- 
I t e m  
Test Specimen 
Gage, Pneumatic 
P res su re  
Regulator ,  Hand 
Loaded 
F i l t e r ,  Pneumatic 
Valve, Var i ab le  
Orif  ice 
Valve , Variable 
O r i f i c e  
Hose, F l e x i b l e  
F i x t u r e  
Vib ra t ion  
Exciter 
Monitoring 
Accelerometers 
Control  
Accelerometer 
H e  P res su re  Source 
Valve, Hand 
Gage, Pneumatic 
Valve, Hand 
VIanufacturer 
:rove 
Heis e 
Tescom 
hendix 
Robbins 
Robb i n s  
Aeroquip 
CCSD 
MB E l e c t r o n i c s  
Endevco 
Endevco 
CCSD 
Robbins 
Ashcrof t 
Robb i n s  
Model/ 
P a r t  No. 
B75M53035-1 
B75M50305-4 
H35335 
26- 100 2 
-2 1 
173161 
SSKG2 5 0 
-4T 
SSKG250 
-4T 
1509-4 
- 
c-210 
2220 
2233 
- 
SSKG250 
-4T 
9-65 
SSKG250 
-4T 
- 
- 
NAS. 
S e r i a l  
No. -- 
106869-2 
106870- 1 
NASA No. 
95-1528 
-B 
3238 
- 
- 
- 
- 
247 
LE-4 6 
MD-65 
PB-7 2 
PB-7 6 
LD-33 
95 
-1528-B 
- 
Xemarks 
Specimen 2 
Specimen 3 
D t o  10,000 
P i g  
to .  1% 
Cal d a t e  10-12-67 
0 t o  10,000 
ps ig  o u t l e t  
2-micron 
1 / 4  inch  
1 / 4  inch  
1 / 4  inch  
Magne s ium 
28,000 pounds 
f o r c e  
Amplitude; 53.5% 
of measurement 
Frequency; 51.5% 
o r  2 cps  
Amplitude; 53.5% 
of measurement 
Frequency; 51/5% 
o r  2 cps 
6500 p s i g  
1 / 4  i n c h  
0 t o  10,000 psig 
- +O. 5% FS 
C a l  date 10-12-67 
1 / 4  inch  
11-7 
- 
Ctem 
Jo. 
L6 
L7 
L8 
L9 
20 
2 1  
12 
23 
24 
25 
26 
_c_ 
Table 11-4. V i b r a t i o n  T e s t  Equipment L i s t  (Continued) 
I t e m  
GN2 P r e s s u r e  
Source 
Valve, Hand 
F i l t e r ,  Pneumatic 
Gage, P r e s s u r e  
Regulator ,  Hand 
Valve, Hand 
Gage, P r e s s u r e  
Hose, F l e x i b l e  
Gage, P res su re  
Valve, Hand 
Hose, F l e x i b l e  
Manufacturer 
CCSD 
Robbin 
Bend i x  
Ashcrof t 
Grove 
Robbins 
Ashcrof t 
Aeroquip 
Heise 
Rob b i n s  
Aeroquip 
Model/ 
P a r t  No. 
S SKG2 50 
-4T 
173161 
1850 
11092- 
A33 
SSKG250 
-4T 
1850 
1509-4 
H35336 
SSKG250 
-4T 
1509-4 
S er i a l  
No. 
- 
- 
NASA 
200490F 
L45107 
- 
NASA 
200490C 
- 
NASA 
95-1 5 20-1 
- 
-1 
Remarks 
3500 p s i g  
1 / 4  inch  
2 micron 
0 t o  5000 p s i g  
+0.5% FS 
C a l  d a t e  2-26-61 
0 t o  5000 p s i g  
o u t l e t  
1 / 4  i n c h  
0 t o  5000 p s i g  
5.25% FS 
Cal d a t e  2-26-61 
1 / 4  inch  
0 t o  6000 p s i g  
- +O. 1% FS 
C a l  d a t e  1-22-61 
1 / 4  inch 
1 / 4  i n c h  
S pec imen 
2 
3 
Accele 
Table 
Acce lera t ion  ( a )  
mete Numbe 
--I__ 
Axis 
X 
Z 
Y 
X 
2 
Y 
~ 1 - 5 .  Resonant Frequency Data 
Resonant 
Frequency 
cp s 
480 
840 
1800 
360 
7 50 
1050 
320 
700 
800 
97 5 
1200 
1900 
540 
9 20 
2300 
350 
1000 
1200 
3 00 
715 
800 
1000 
I 1200 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
10 
1 
6 
5 
1 
1 
2 
3 
1 
2 
2 
1 
5 
3 
1 0  
6 
1 
1 
1 
4 
1 
1 
2 
3 
8 
1 
4 
7 
1 
1 
6 
1 
1 
1 
1 
2 
1 
2 
1 
10 
1 
1 
8 
1 
1 
1 
1 
4 
20 
1 
2 
3 
5 
8 
1 
4 
1 
1 
1 
3 
30 
10 
4 
5 
8 
6 
1 
2 
1 
1 
1, -
5 
6 
18  
1 
1 
2 
2 
4 
5 
5 
8 
6 
10 
20 
30 
8 
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SECTION X I 1  
LIFE CYCLE TEST 
12.1 TEST REQUIREMENTS 
1 2 . 1 . 1  A l i f e  cyc le  test  s h a l l  be  performed on test specimens 2,  3, and 
4 t o  determine whether theenvironment  causes degrada t ion  o r  de- 
formation. 
12.1.2 Each specimen s h a l l  be  subjec ted  t o  80,000 regu la t ion . cyc le s .  The 
specimen s h a l l  be  set t o  r e g u l a t e  from 6000 p s i g  i n l e t  p re s su re  t o  
3100 p s i g  o u t l e t  p re s su re  and s h a l l  be cycled by opening and c los ing  
a downstream va lve .  An o r i f i c e  s h a l l  be  i n s t a l l e d  i n  t h e  downstream 
l i n e  t o  prevent  t h e  downstream p res su re  from dropping below 1500 
p s i g  when t h e  valve is  i n i t i a l l y  opened. One cyc le  s h a l l  c o n s i s t  
of t h e  specimen opening and c los ing .  
12.1.3 A f u n c t i o n a l  tes t  s h a l l  be performed a f t e r  500, 1000;2000, 5000, 
and 10,000 cyc le s ,  and each 10,000 cyc le s  t h e r e a f t e r .  
12.2 TEST PROCEDURE 
12 .2 .1  T e s t  specimens 2 , . 3 ,  and 4 w e r e  ' i n s t a l l e d  i n  a l i f e  cyc le  test  
se tup  as shown i n  f i g u r e s  12-1 axd 12-2, u s ing  t h e  equipment l i s t e d  
i n  t a b l e  12-1. 
12.2.2 A f u n c t i o n a l  test w a s  performed, because more than  72 hours had 
e lapsed  s i n c e  t h e  previous func t iona l  test. 
12.2.3 All hand va lves  were c losed ,  and a l l  r e g u l a t o r s  w e r e  ad jus t ed  f o r  a 
zero o u t l e t  p ressure .  
12.2.4 Regulator 10 w a s  ad jus t ed ,  loading r e g u l a t o r  8, u n t i l  a 600 p s i g  
specimen i n l e t  p re s su re  w a s  i nd ica t ed  on gage 38. 
12.2.6 Regulator 16  w a s  ad jus t ed ,  loading  t h e  specimen dome t o  approximately 
3150 p s i g ,  as ind ica t ed  on gage 21, u n t i l  a specimen o u t l e t  p re s su re  
of 3100 p s i g  w a s  i nd ica t ed  on gage 22. 
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12.2.7 Swi t ch4  w a s  c losed  and so lenoid  va lves  32, 33, and 34 began 
cyc l ing  s imultaneously.  T i m e r  36 and hand va lves  28, 29, and 
30 w e r e  ad jus ted  u n t i l  a smooth cyc l ing  of specimen downstream 
p res su res  between 3100 and 2900 p s i g  w a s  e s t ab l i shed .  Hand 
valves 24, 25, and 26 were c losed  dur ing  cyc l ing  opera t ions  
t o  p r o t e c t  gage 22 from surges .  These valves were ope:ied dur- 
i ng  cyc l ing  as r equ i r ed  t o  v e r i f y  proper  specimen opera t ion .  
12.2.8 Each specimen w a s  subjec ted  t o  a t o t a l  of 20,000 cyc le s .  
Funct iona l  tests were performed a f t e r  500, 1000, 2000, 5000, 
and 10,000 and 20,000 cyc le s .  A l l  test d a t a  were recorded.  
12.3 TEST MSULTS 
12.3.1 The u s e f u l  l i f e  of t h e  test specimens w a s  determined t o  be 
20,000 cyc le s ,  and t e s t i n g  w a s  stopped a t  t h a t  level. 
12.3.2 Specimen 4 seat leakage w a s  s l i g h t l y  g r e a t e r  than  t h e  a l lowable  
va lue ,  fol lowing completion of 10,000 cyc le s .  Disassembly of 
t h e  specimen revea led  one s i g n i f i c a n t  n i c k  on t h e  hard seat 
and on t h e  nylon seat seal. Also,  t h e r e  w a s  gene ra l  g a l l i n g  of 
t h e  valve and hard seat.. Apparently, t h e  g a l l i n g  w a s  t h e  r e s u l t  
of d i r e c t  con tac t  between t h e  valve and hard seat dur ing  cyc l ing ,  
and a r e s u l t i n g  fragment from t h e  va lve  probably caused t h e  
n i c k  on t h e  hard seat and seat seal. The damaged s e a t i n g  sur-  
f a c e s  w e r e  ground and pol i shed  and t h e  nylon seat seal  w a s  
rep laced  be fo re  t e s t i n g  w a s  resumed. 
12.3.3 Specimens 2 and 4 exh ib i t ed  e x t e r n a l  leakage,  between t h e  dome 
p l a t e  a n d b o d y ,  fol lowing completion of 20,000 cyc le s .  The 
e x t e r n a l  leakage  could have been t h e  r e s u l t  of low body b o l t  
torque,  because most of t h e  b o l t s  on t h e  t h r e e  specimens w e r e  
found t o  have torque  va lues  below t h e  nominal 1500 inch-pounds 
(one va lue  w a s  as low as 400 inch-pounds, however, t h e  torque  
va lues  averaged about 1200 inch-pounds). Torquing t h e  b o l t s  
d i d  not  s t o p  leakage,  which could i n d i c a t e  t h a t  t h e  leakage 
w a s  a l s o  caused by wear o r  aging of t h e  elastomers .  
c y c l e  test w a s  d i scont inued  a t  t h i s  p o i n t ,  and a l l  t h r e e  speci-  
mens were disassembled f o r  f i n a l  inspec t ion .  F i n a l  i n spec t ion  
r e s u l t s  are presented  i n  13.3. 
The l i f e  
12.3.4 The valve seat bushing torque ,  which w a s  increased  t o  1200 inch- 
pounds be fo re  t h i s  test, ( see  11.3.2) ,  w a s  checked a t  t h e  
completion of each f u n c t i o n a l  test. This  torque va lve  w a s  re- 
t a i n e d  s a t i s f a c t o r i l y  by each specimen dur ing  t h e  test .  Each 
12-2 
measurement of t h e  torque i n d i c a t e d  a va lue  of 1200 inch-pounds 
except f o r  specimen 4 
1150 inch-pounds. Also,  when specimen 4 was disassembled a f t e r  
10,000 cyc le s ,  because of seat leakage (see 12.3,2), t h e  seat 
seal w a s  examined f o r  evidence of damage r e s u l t i n g  from use of 
t h e  h igher  torque.  
a f t e r  1000 c y c l e s  which w a s  found t o  be  
No damage w a s  noted. 
12.4 TEST DATA 
12.4.1 The f u n c t i o n a l  d a t a  recorded throughout t h e  l i f e  c y c l e  test are 
presented i n  t a b l e s  12-2, 12-3, and 12-4. 
12.4.2 Photographs of damage t o  t h e  specimen 4 seat seal, hard seat, 
and t h e  va lves  noted a f t e r  completion of 10,000 cyc les  are 
presented i n  f i g u r e s  12-3 and 12-4, 
12.4.3 A h i s t o r y  of a l l  c y c l e s  accumulated dur ing  t h e  test p r o g r a m i s  
presented  i n  t a b l e  12-5. 
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Table 12-1. L i f e  Cycle Test Equipment L i s t  
- 
:tern 
1 
2 
3 
4 
5 
6 
7 
8 
9 
-0 
-1 
-2 
-3 
.4 
.5 
.6 
- 
I t e m  
T e s t  Specimen 2 
T e s t  Specimen 3 
T e s t  Specimen 4 
Switch 
.GN2 Supply 
F i l t e r  
A i r  Operated 
Valve 
P res su re  Regula- 
t o r  
Hand Valve 
P r e s  s u r  e 
Regulator 
Hand Valve 
Hand Valve 
Pres su re  Gage 
P res su re  Gage 
Hand Valve 
Pres su re  
Regula t o r  
Manufacturer 
Grove 
Grove 
Grove 
C u t l e r  Hammer 
CCSD 
Permanent F i l t e r  
Corpora t i o n  
F i she r  
Grove 
Aminco 
Tescom 
Aminc o 
Aminco 
Ashcrof t 
A s  hcro f t 
Grove 
Tescom 
Model/ 
P a r t  N o .  
B75M50305-1 
B75M50305-4 
B75M50305-4 
9377-3154 
470-D-2 
211-B 
44-13106 
26-1021- 
20 
44-13106 
44-13106 
116-11038 
-KAZB 
26-1021-10 
S e r i a l  
No. 
106869-2 
10 68 70- 1 
1068 70-2 
CPB-010 
3572- 
094 
1107 5-1 
3024 
NASA No. 
95-1508- 
B 
NASA No. 
95-1509 
-B 
1529 
Remarks 
P res su re  
Regulator 
P r e s  s u r  e 
Regulator 
P res su re  
R e  gu l a  t o r  
SPST 
10,000 p s i g  
2-mi cr on 
10,000 p s i g  
2-inch 
High flow, dome 
load ,  0 t o  10,000 
p s i g  o u t l e t  
30,000 p s i g  
Hand l o a d ,  0 t o  
10,000 p s i g  
o u t l e t  
30,000 p s i g  
30,000 p s i g  
0 t o  20,000 p s i g  
- +1.0% FS 
C a l  d a t e  10-11-67 
0 t o  10,000 p s i g ,  
- +1.0% FS 
Cal d a t e  10-11-67 
10,000 p s i g  
Hand Load, 0 t o  
10,000 p s i g  o u t l e i  
~~ 
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Table 12-1. L i f e  Clcle T e s t  Equipment L i s t  (Continued) 
- 
Ctem 
\TO. 
L7 
L8 
L9 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
- 
I t e m  
Hand Valve 
P r e s s u r e  Gage 
P res su re  Gage 
Hand Valve 
Pres su re  Gage 
P r e s s u r e  Gage 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Power SupFly 
Manufacturer 
Grove 
Ashcrof t 
Ashcroft  
Grove 
Heise 
Heise 
Robb ins  
Robbins 
Robbins 
Robbins 
Robbins 
Vac co 
Vacco 
Vacco 
Perkin 
Model/ 
P a r t  No. 
116- 11038 
-KAZB 
116-11038 
KAZB 
S SKG- 25 0 
-4T 
S SKG- 2 5 0 
- 4T 
SSKG-250 
-4T 
S S KG- 25 0 
-4T 
S SKG- 2 50 
-4 T 
NV-6P- 
403-26 
NV-6P- 
403-2G 
NV-6P- 
403-2G 
MRST28- 
300A - 
S e r i a l  
No. 
NASA No. 
200613 
-B 
NASA No. 
200613- 
10 
NASA No. 
014231 
NASA No. 
95-1653 
-B 
5116-24 
5116-5 
5116-27 
I 
NASA No, 
009941 
Remarks 
10,000 p s i g  
0 t o  20,000 p s i g  
- +1.0% FS 
C a l  d a t e  10-11-6; 
0 t o  10,000 p s i g  
- +1.0%' FS 
C a l  d a t e  10-11-6; 
10,000 p s i g  
0 t o  10,000 p s i g  
+b. 10% FS 
C A l  d a t e  1-10-68 
0 t o  10,000 p s i g  
- +O.lO% FS 
Gal d a t e  1-10-68 
6000 p s i g  
- 
6000 p s i g  
6000 p s i g  
6000 p s i g  
6000 p i g  
6000 p s i g  
6000 p s i g  
6000 p s i g  
28 vdc 
12-.6 
- 
Ctem 
To * 
32 
33 
34 
35 
36 
37 
38 
I 
i 
Table 12-1. L i f e  Cycle T e s t  Equipment L i s t  (Continued) 
It em 
Solenoid Valve 
Solenoid Valve 
Solenoid Valve 
Hand Valve 
Cycle T i m e r  
Counter 
Pressure  Gage 
Manufacturer 
Mar0 t t a  
Marotta 
Marot ta  
Robbins 
Wilson 
Dhrrant 
Heise 
Model/ 
P a r t  No.  
MV-583 
MV-583 
MV-5 83 
SSKG-2 50 
-4T 
1 
S e r i a l  
No. 
913 
3696 
2885 
NASA No. 
95-1652 
-B 
Remarks - 
1 / 2  inch ,  2-way 
6000 p s i g  
normally c losed  
112 inch ,  2-way 
6000 p s i g  
normally c losed  
112 inch ,  2-way 
6000 p s i g  
normally c losed  
6000 p s i g  
5 d i g i t  
0 t o  10,000 p s i g  
- +O. 10% FS 
C a l  d a t e  1-10-68 
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Table 12-5. Accumulated Opera t iona l  Cycles 
Cycles 
r o t a 1  Cycles 
Zycles a f t e r  seal 
Sea t  r ep laced  and 
galve r e s u r f  aced 
( see  11.3.2) 
Zycles a f t e r  seat 
seal rep laced  
( s e e  8.3.2) 
Zycles a f t e r  seat 
seal rep laced  and 
Jalve and hard 
;eat r e su r faced  
( s e e  12.3.2) 
2 
20,895 
20 , 180 
Specimen 
3 
20,920 
20,580 
4 
20,460 
10,060 
12-11 
12-12 
?;ICKED SEAT 
Figure 12-3. Specimen 4 Damaged Seat Seal and Hard Seat 
12-13 
Figure 12-4. Specimen 4 Damaged Valve 
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SECTION XI11 
FINAL INSPEGTION* 
13 .1  TEST REQUIREMENTS 
13.1.1 A v i s u a l  i n spec t ion  of test  specimens 2 , 3, and 4 s h a l l  be  
made and any abnormal i t ies  r e s u l t i n g  from t e s t i n g  s h a l l  be  
recorded. 
13.2 TEST PROCEDURE 
13.2.1 T e s t  specimens 2, 3 ,  and 4 were disassembled and v i s u a l l y  
A l l  d e f e c t s  and damage r e s u l t i n g  from t e s t i n g  inspected.  
were recorded.  
13.3 TEST RESULTS 
13.3.1 Apparently the  most s i g n i f i c a n t  damage t o  specimen 2 w a s  caused 
by r e l a t i v e  motion between t h e  dome p l a t e  support  and t h e  dome 
and between t h e  dome p l a t e  suppor t  and t h e  dome p l a t e .  
re la t ive motion r e s u l t e d  i n  g a l l i n g  of t h e  dome p l a t e  suppor t ,  
t h e  dome, and t h e  dome p l a t e .  The g a l l i n g  generated many m e t a l  
p a r t i c l e s ,  which covered t h e  dome O-ring and t h e  diaphragm. 
Addi t iona l ly ,  t h e  diaphragm p l a t e  had 8 c i r c u m f e r e n t i a l  gouges, 
approximately 2.4 inches  from t h e  c e n t e r ,  where t h e  p l a t e  had 
contac ted  spanner wrench h o l e s  i n  t h e  u n i d e n t i f i e d  p l a t e  l oca t ed  
immediately below. 
p a r t i c l e s  from t h e  'diaphragm p l a t e  and no f u n c t i o n a l  degrada t ion  
r e s u l t e d .  The edges of t h e  diaphragm w e r e  a l s o  s l i g h t l y  f rayed .  
This  
There apparent ly  w a s  no gene ra t ion  of metal 
13.3.2 Specimen 3 exh ib i t ed  g a l l i n g  of t h e  dome p l a t e  suppor t ,  dome 
p l a t e ,  and dome, which w a s  very  similar t o  t h a t  descr ibed  i n  
13.3.1 f o r  specimen 2. Add i t iona l ly ,  t h e  s e a t i n g  su r faces  of the 
v a l v e  and hard seat were sc ra t ched ,  and s m a l l  metal p a r t i c l e s ,  
w e r e  imbedded i n  t h e  seat seal, which w a s  s i m i l a r  t o  t h e  f a i l u r e  
of  specimen 4 ,  descr ibed  i n  12.3.2. 
13.3.3 Specimen 4 ,  which had been r e fu rb i shed  a t  t h e  mid-point of t h e  
l i f e  c y c l e  test (see 12 .3 ,2) ,  showed no s i g n i f i c a n t  evidence of 
wear on any p a r t  except  f o r  t h e  diaphragm. The diaphragm showed 
evidence of s l i g h t  w e a r  and a l s o  had b l i s t e r s  between the rubber 
and a t t a c h e d  metal d i s c .  
s u f f i c i e n t  t o  cause  f u n c t i o n a l  degradat ion.  
The damage t o  t h e  diaphragm w a s  no t  y e t  
13- 1 
13.4 TEST DATA 
13.4.1 A summary of a l l  f i n a l  i n s p e c t i o n  r e s u l t s  is presented i n  
t a b l e  13-1. 
13.4.2 A t y p i c a l  disassembly i n s p e c t i o n  is  shown i n  f i g u r e  13-1. 
13.4.3 Gal l ing  of t h e  specimen 2 dome p l a t e  supporr ,  dome p l a t e ,  and 
dome i s  shown i n  f i g u r e s  13-2 and 13-3. 
13.4.4 Gauges i n  t h e  diaphragm p l a t e  of specimen 2 are shown i n  f i g u r e  
13-4. 
13.4.5 The scra tched  valve from specimen 3 is shown i n  f i g u r e  13-5. 
13.4.6 The b l i s t e r e d  diaphragm from specimen 4 is  shown in  f i g u r e  13-6. 
13-2 
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SECTION X I V  
BURST TEST 
14.1 TEST REQUIREMENTS 
14.1.1 A b u r s t  p re s su re  test s h a l l  be  performed on test specimens 2 and 3 
t o  determine whether t h e  specimens w i l l  s a t i s f y  minimum b u r s t  
p re s su re  requirements.  
be appl ied  s imultaneously t o  i n l e t ,  o u t l e t ,  and dome ports. ' 
A h y d r o s t a t i c  p re s su re  of 24,000 p s i g  s h a l l  
14.1.2 The minimum b u r s t  p re s su re  s h a l l  be  maintained f o r  5 minutes.  
14.1.3 Visual  i n spec t ion  f o r  specimen s t r u c t u r a l  damage and leakage 
s h a l l  be made, 
14.1.4 P r e s s u r i z a t i o n  f o r  t h e  specimen s h a l l  b e  continued u n t i l  rup tu re  
occurs .  
14.1.5 The r u p t u r e  p re s su re  s h a l l  be recorded. 
14.2 TEST PROCEDURE 
14.2.1 T e s t  specimen, 2 w a s  placed i n  a b u r s t  test se tup  as shown i n  
f i g u r e s  14-1 and 14-2 us ing  t h e  equipment l i s t e d  i n  t a b l e  14-1. 
14.2.2 A l l  hand va lves  were c losed  and r e g u l a t o r  21 w a s  ad jus ted  f o r  a 
zero o u t l e t  p ressure .  
14.2.3 Hand va lves  6 ,  7 ,  8, 9 ,  10, 11, and 24 w e r e  opened t h e  specimen 
and system f i l l e d  wi th  water. F i t t i n g s  were loosened a t  t h e  test specimen 
and a t  gages 3 a n d ' 2 3  and a l l  a i r  w a s  b led  from t h e  system, 
f i t t i n g s  were t igh tened .  
The 
14.2.4 Hand va lves  6,  8, 9 ,  and 11 w e r e  c losed.  
14.2.5 Hand va lve  5 w a s  opened. Gage 14 i nd ica t ed  3000 p s i g .  
14.2.6 Switch 1 7  w a s  c losed  and so lenoid  valve 18 opened. 
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14.2.7 Regulator 2 1 w a s  ad jus t ed  u n t i l  a p r e s s u r e  of 50 t o  100 p s i g ,  
i n d i c a t e d  on gage 15 caused pump 19 t o  start pumping. 
14.2.8 The pump w a s  opera ted  u n t i l  a specimen p res su re  of 10,100 p s i g  
w a s  i nd ica t ed  on gages 3 and 23, at  which t i m e  t h e  specimen 
f a i l e d .  
pumping o p e r a t i o n  stopped. 
Switch 1 7  w a s  opened, so l eno id  v a l v e  18 c losed  and the 
14.2.9 A l l  test d a t a  were recorded. 
14.2.10 The systkm w a s  r e tu rned  t o  the p r e t e s t  cond i t ion  and specimen 3 
w a s  i n s t a l l e d  i n  p l a c e  of specimen 2. 
14.2.11 Proceddres 14.2.2 through 14.2.7 were repeated. 
14.2.12 The pump w a s  operated u n t i l  a specimen p r e s s u r e  of 7800 p s i g  w a s  
i n d i c a t e d  on gages 3 and 23, a t  which t i m e  specimen 3 f a i l e d .  
A l l  t e s t i n g  w a s  d i scon t inue4  and t h e  test se tup  w a s  disassembled. 
14.2.12 A l l  test d a t a  were recorded. 
14.3 TEST RESULTS 
14.3.1 Specimen 2 w a s  p re s su r i zed  t o  10,100 p s i g  a t  which p o i n t  the 
diaphragm blew from between t h e  body and dome p l a t e .  
14.3.2 Specimen 3 w a s  p re s su r i zed  t o  7800 p s i g  a t  which p o i n t  water 
leakage  from between t h e  dome and dome p l a t e  p r o h i b i t e d  f u r t h e r  
p r e s s u r i z a t i o n .  This leakage was appa ren t ly  caused by a l a c k  
of O-ring sea l ing .  No phys ica l  damage t o  t h e  specimen w a s  noted. 
14.4 TEST DATA 
14.4.1 T e s t  d a t a  are presented  i n  t a b l e  14-2. 
14.4.2 A photograph of the specimen 2 f a i l u r e  i s  shown i n  f i g u r e  14-3. 
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Table 14-1. Burs t  P res su re  T e s t  Equipment L i s t  
- 
t e m  
0. - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
.2 
.3 
.4 
.5 
.6 
-7 
I_ 
I t e m  
T e s t  Specimen 2 
T e s t  Specimen 3 
Water Supply 
Hydros t a t i c  
Burst  Chamber 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Hand Valve 
Water Reservoi r  
Pneumatic F i l t e r  
Pneumatic Gage 
Pneumatic Gpge 
Power Supply 
Swi tch  
Manufacturer 
Grove, 
Ashcrof t 
CCSD 
Aminco 
Aminco 
Aminco 
Aminco 
Aminco 
Aminco 
Aminco 
Bendix F i l t e r  
D iv i s ion  
U. S .  Gage 
Ashcrof t 
P e r k i n  E l e c t r o n i c s  
Model/ 
P a r t  No. 
B75M50305-1 
B75M50305-4 
58965 
58965 
58965 
58965 
58965 
58965 
58965 
Element N o .  
1731260 
8990 
AMP 7324 
MRST 28- 
3 OOA 
ierial 
No. 
LO6869-2 
LO6870-1 
JASA95- 
1396-B 
3ASA 
!01344 
9ASA 
109941 
Remarks 
Pres s u r e  
Regulator 
Pres s u r  e 
Regulator 
Tap water 
0 t o  20,000 p s i g  
Cal d a t e  11-16-67 
0.5% FS 
3 f t  x 3 f t  x 3 ft 
1 / 4  inch  
1 / 4  inch  
1 / 4  inch  
1 / 4  inch 
1 / 4  inch  
1 /4  inch  
1 / 4  inch  
2- ga l lon  
2-micr o n 
0 t o  5000 p s i g  
5 2.0% FS 
Uncalibr a t  ed 
r e f e r e n c e  
0 t o  3000 p s i g  
5 2.0% FS 
Uncal ibrated 
r e f  erenc e 
28 vdc 
SPST 
c 
TBble 14-1. 
c 
I t e m  
No. 
18  
19 
20 
21 
22 
23 
24 
Bu'rst P r e s s u r e  T e s t  Equipment L i s t  (Continued) 
i 
Manufacturer 
Model/ 
P a r t  No. I t e m  
Solenoid 
Valve 
Hydros t a t i c  Pump 
Check Valve 
Regulator  
Pneuma t i c  
P r e s s u r e  
P res su re  
Gage 
Hand Valve 
Marot ta  Valve 
Company 
Sprague Engineer- 
i n g  Corp. 
Aminco 
Marotta Valve 
Corp. 
CCSD 
Astra 
MJ-100D 
C a t  
44-6305 
219004- 
c121 
Aminco 1 58965 
Z '  
Table 14-2. Burs t  T e s t  R e s u l t s  
S e r i a l  
No. 
300-16 
-64 
NASA No. 
0118 9 3-A 
Specimen 1 Burst  P res su re  1 Remarks 
I I 
10,100 p s i g  1, B l e w  out dia-  
phragm 
3 7800 p s i g  Leaked a t  dome 
O-ring 
Remarks 
2-way normally 
c losed  
A i r  opera ted ,  
maximum pres su re :  
50,000 p s i g  
1 / 4  inch  
3000 p s i g  i n l e t ,  
0 t o  125 p s i g  
o u t l e t ,  
3000 p s i g  
0 t o  100,000 p s i g  
- + 1.0% FS 
Cal d a t e  11-16-67 
1 / 4  inch  
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Figure 14-2. 3urst Test Setup 
14-6 
Y 
Figure 14-3. Specimen 2 Burst Failure 
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